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PREFACE. 


Encouraged  by  the  favourable  reception  iirom  the  Public  of 
a  small  volume  on  the  first  principles  of  Natural  Philosophy, 
published  last  year,  under  the  title  of  The  Book  of  Science, 
and  by  the  flattering  maoner  in  which  it  was  noticed  by  critical 
journalists,  I  have  been  induced  to  collect  and  arrange  the  ma- 
terials of  the  present  work.  It  may,  perhaps,  be  considered  as  a 
proper  sequel  to  the  preceding  publication :  for,  while  that  a£R>rds 
some  general  views  of  the  state  of  the  physical  scieDces,  it  is  the 
object  of  this  volume  to  furnish  con;esponding  notices  of  the 
elements  of  Chemistry,  at^d  some  of  the  arts  and  sciences  imme- 
diately connected  with  it. 

Some  of  the  subjects  here  introduced  to  the  notice  of  the 
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youthful  reader,  have  previously  employed  the  pens  of  many  able 
writers.  That  is  especially  the  case  with  Chemistry ;  so  that  with 
respect  to  that  branch  of  knowledge,  a  new  elementary  work  was 
scarcely  requisite.  In  appreciating  the  merit  of  this  volume, 
however,  it  must  be  taken  collectively,  and  therefore  the  tract  on 
Chemistry  should  be  cotisidered  as  designed  to  form  an  appropriate 
introduction  to  the  subsequent  portion  of  the  work,  and  the 
whole  may  serve  as  a  guide  to  researches  into  the  structure 
and  composition  of  the  inorganized  parts  of  the  earth. 

Geology,  which  in  an  especial  manner  relates  to  the  present 
state  of  the  earth's  surface  and  the  crust  beneath  it,  appears  at 
present  to  have  become  one  of  the  most  attractive  objects  of 
public  attention  connected  with  the  physico-chemical  sciences. 
There  are  several  very  valuable  treatises  on  Geology  which  have 
been  recently  published  in  the  English  and  French  languages, 
among  the  former  of  which  are  the  highly  popular  works  of  Lyell 
and  De  la  Beche.  Those  gentlemen  are  celebrated  as  cultivators 
of  the  science  they  have  illustrated  by  their  writings.  My  utmost 
ambition  would  be  gratified  in  finding  that  I  had  produced  a 
tract  that  might  serve,  in  any  degree,  to  render  their  elaborate 
productions  more  easily  accessible  to  Ae  youthful  or  uninformed 
reader. 

The  necessity  of  laying  a  foundation  for  geological  studies, 
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by  forming  a  previous  acquaintance  with  Chemistry  and  Minera- 
logy^  has  been  repeatedly  pointed  out;  but  I  am  not  aware 
that  any  work  containing  a  connected  body  of  information  relative 
to  Geology  and  the  kindred  sciences  has  hitherto  appeared,  except 
a  small  volume  by  the  late  Mr.  W.  Phillips,  grounded  on  a 
series  of  lectures  which  he  delivered  in  or  near  the  metropolis. 
M|[.  Phillips  possessed  a  fund  of  practical  knowledge  and  scientific 
intelligence  to  which  I  have  no  pretensions.  And  I  take  this 
opportunity  to  offer  a  tribute  of  admiration  to  the  memory  of 
that  highly-distinguished  cultivator  of  chemical  science.  I  also 
acknowledge  that  from  his  Outlines  of  Mineralogy  and  Geology^ 
I  have  derived  important  assistance,  especially  in  that  portion 
of  my  work  that  relates  to  Metallurgy.  Notwithstanding  tbe 
rapid  progress  of  the  sciences  of  which  it  treats,  and  the  time 
that  has  elapsed  since  the  last  edition  of  the  Outlines  appeared,  it 
still  retains  its  value.  But  the  publication  of  another  elementary 
treatise  on  the  subjects  in  question,  can  hardly  be  deemed  super- 
fluous in  the  present  state  of  science;  and  therefore  this  compila- 
tion it  is  hoped  may  be  found  deserving  of  the  same  patronage 
that  was  extended  to  the  former  volume. 

Leaving  now  the  literary  portion  of  this  work  to  speak  for 
itself,  I  must  beg  to  be  allowed  to  direct  the  attention  of  the 
•tudent  to  the  graphic  illustrations,  in  the  merit  of  which  I  can,  of 
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course,  claim  no  share.  One  of  these  illustrative  cuts  has  been 
executed  in  a  peculiar  manner,  exhibiting  a  specimen  of  wood 
engraving  printed  in  colours.  The  artist,  Mr.  Baxter,  has  thus  been 
enabled  to  furnish  representations  of  the  forms  and  appearances 
of  clouds,  which  for  accuracy  and  effect  may  compete  with  draw- 
ings in  water-colours. 
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THE  WONDERFUL  AND  SUDDRN  TRANSFORMATIONS  WITH  WHICH  CHRMISTST  IS 
CONVERSANT,  THB  VIOl^NT  ACTIVITF  OFTEN  A88UMBD  BY  SUB8TANCBS  USUALLY 
CONSIOERBD  THB  MOST  INERT  AND  SLUGGISH,  AND,  ABOVE  ALL,  THB  INSIGHT 
IT  OIVBS  INTO  THE  NATURE  OF  INNUMERABLE  OPERATIONS  WHICH  WB  SBB 
DAILY  CARRIBD  ON  AROUND  US,  HAVE  CONTRIBUTBD  TO  RENDER  IT  THB  MOST 
POPULAR,  AS  IT  IS  ONE  OF  THE  MOST  EXTENSIVELY  USEFUL,  OF  THE  8CIBNCE8 ; 
AND  WB  SHALL,  ACCORDINGLY,  FIND  NONE  WHICH  HAVB  SPRUNG  FORWARD, 
DURING  THE  LAST  CENTURY,  WIT^  SUCH  EXTRAORDINARY  VIGOUR,  AND  HAVE 
HAD  SUCH  EXTENSIVE  INFLUENCE  IN  PROMOTING  A  CORBBSPONDINO  PROGRESS  IN 
OTHERS. 

Sir  John  Herschel  on  the  Study  of  Natural  Philosophy. 
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Chehistiit  i»  the  art  whereby  eompmind  bodies  are  changed  ioto 
■imple  onei,  dt  simple  bodies  into  compoundB.  The  former  of  these 
piocesaei  ia  c^ed  Analysis  or  Decomposition,  and  llie  latter  Syntheais 
or  Compoaitioo.  As  a  scieace,  it  is  the  prorince  of  Chemiatry  to 
delenniue  the  chemical  relation  of  simple  bodies,  and  the  stnicturs 
and  chemical  relatioua  of  compounda.  Few  of  the  operations  of  Che- 
mistry, which  are  employed  for  the  attaimnent  of  these  objeclB,  are 
either  purely  analytic  or  synthetic ;  a  combmation  of  these  methods 
generally  laking  place  in  the  procesaes  of  the  chemist. 

Diflereut  kinds  of  matter  which  are  the  objects  of  Cbemistr;  ^- 
wss  certain  actire  properties,  such  aa  giBTity  or  weight,  cohesion, 
alaiticity,  eipansibihty,  magnetic  sttractioD,  &c.  All  these  propeitiea 
are  bat  m>  manj  diSersnt  nodJGcatJons  of  UtrtlctiDlt  and  repulsion. 
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Action,  either  attractive  or  repulsive,  takes  place  between  bodies 
situated  at  various  distances  from  each  other.  Thus  the  attraction  of 
gravitation  operates  at  indefinite  and  immense  distances ;  while  the 
attraction  of  cohesion  affects  the  particles  of  bodies  only  when  placed 
in  apparent  contact.  Repulsive  action  also  takes  place  at  different 
distances.  Thus  the  repulsion  between  bodies  which  have  been  sub- 
jected to  the  influence  of  electricity  ot  magnetism  is  sufficiently  ob- 
vious to  the  sight ;  and  that  electric  or  magnetic  substances  which 
repel  each  other  do  not  touch,  may  easily  be  perceived.  The  ezpto- 
sive  power  of  heat  on  the  other  hand  probably  affects  particles  of 
matter  nearly  in  contact  with  each  other. 

The  various  phenomena  which  constitute  the  objects  of  Chemistry, 
depend  on  the  operation  of  those  modifications  of  attractive  and  repid- 
sive  force,  which  act  on  particles  of  bodies  placed  at  insensible  dis- 
tances from  each  other,  and  are  so  minute  as  not  to  be  cognisable  by  our 
senses,  even  when  assisted  by  the  most  powerful  magnifying  glasses. 

There  are  two  species  of  attraction  which  affect  particles  of  matter 
when  in  apparent  contact:  1.  The  Attraction  of  Aggregation,  or 
Cohesion ;  2,  The  Attraction  of  Composition.  These  powers  both 
give  way  to  the  repulsive  action  of  heat :  but  the  former  may  also  be 
overcome  by  mechanical  force,  which  has  no  effect  on  the  latter. 

The  Attraction  of  Aggregation  operates  differently  on  different 
bodies,  so  as  to  produce  the  various  degrees  of  cohesive  force  or  con- 
sistence observable  among  them.  The  forms  under  which  bodies 
appear  are  reducible  to  three  classes,  viz. :  Solids,  Liquids,  and  Gases 
or  Airs.  These  modifications  of  matter  are  influenced  by  the  opera- 
tion of  mechanical  pressure  and  the  expansive  force  of  heat,  which 
seem  to  act  as  antagonist  powers  to  each  other.  Some  kinds  of  matter 
are  capable  of  existing  either  in  a  solid,  liquid,  or  gaseous  state,  under 
different  degrees  of  atmospherical  pressure  and  temperature.  Thus 
water,  by  the  abstraction  of  heat,  becomes  changed  to  ice ;  by  the 
addition  of  heat,  it  is,  on  the  other  hand,  changed  to  vapour ;  ana  that 
change  is  facilitated  or  impeded  by  lessening  or  increasing  the  atmo- 
spherical pressure.  Mercury  and  several  other  substances  exhibit 
analogous  phenomena. 

Many  bodies,  however,  commonly  exist  under  onl  v  one  or  two  forms 
of  aggregation.  Common  air  and  other  bodies,  distinguished  from 
vapours  by  the  designation  of  permanent  gases,  were  formerly  sup* 
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posed  to  retain  the  gaseoos  form  under  all  circumstances ;  but,  from 
the  experiments  of  Dr.  Faraday  and  Mr.  Perkins,  it  appears  that 
atmospneric  air,  oarburetted  hydrogen,  sulphuretted  hydrogen,  sul- 
phurous acid,  carbonic  acid,  protoxide  of  chlorine,  nitrous  oxide,  cya- 
nogen, ammonia,  muriatic  acid,  and  chlorine,  all  which,  under  common 
temperatures  and  pressures,  are  permanent  gases,  may  be  condensed 
to  the  liquid  state  by  the  joint  operation  of  intense  cold  and  powerful 
compression.  However,  oxygen,  hydrogen,  and  some  other  gases 
have  hitherto  resisted  all  attempts  to  reduce  iJiem  to  the  liquid  state.* 
Several  dense  solids,  as  lead  and  glass,  are  readily  melted  by  heat ; 
bat  there  are  others,  as  wood,  which,  though  speedily  decomposed, 
when  heated  with  access  of  air,  cannot  be  liquefied.  The  facts  already 
stated  and  others  which  might  be  adduced  still  lead  to  the  conclusion 
that  the  solid,  liquid,  and  gaseous  states  of  bodies  depend  chiefly  on 
their  respective  relations  to  temperature  and  pressure ;  and  therefore 
the  distinctions  founded  on  those  states  or  forms  of  matter  do  not  fur- 
nish sufficient  grounds  for  general  arrangements  of  bodies  in  separate 
classes. 

Some  writers  have  treated  of  the  chemical  properties  of  g^ses  or  airs 
as  an  independent  branch  of  science,  under  the  appellation  of  Aerology ; 
but  the  operation  of  bodies  under  their  different  forms  are  so  inti- 
mately blended,  and  the  condensation  of  gases  is  so  commonly  the 
effect  of  chemical  combinations,  that  it  seems  by  far  most  convenient 
not  to  separate  Aerology  from  Chemistry,  but  to  regard  it  as  a  sub- 
ordinate section  or  subdivision  of  chemical  science. 

In  solid  and  liquid  substances,  the  powers  of  attraction  and  repul- 
sion counterbalance  each  other;  wlule  the  latter  predominates  in 
gaseoas  bodies.  Some  have  supposed  solidity  to  result  from  the  pre- 
ponderance of  the  force  of  attraction  over  the  force  of  repulsion ;  but 
this  opinion  seems  incompatible  with  the  well-known  hct  of  the  ex- 
pansion of  water  when  it  becomes  solid.  This  and  some  other  pheno- 
mena of  a  similar  description,  clearly  show  that  the  action  of  a  repul- 
sive force  is  not  less  obvious  in  solids  than  in  fluids.  They  probably 
differ  more  in  the  arrangement  of  their  particles,  than  in  the  manner  in 
which  those  jwrticles  are  united. 

The  peculiar  province  of  Chemistry,  as  might  be  inferred  from  the 

*  See  Book  of  Science,  pt  i.  ad  ed.  p.  186. 
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preceding  observations,  is  the  studj  of  the  Attraction  of  Composition, 
or  the  investigation  of  ihe  properties  of  bodies,  not  as  respects  their  or- 
ganization, mechanical  construction,  form,  or  consistence,  bat  with  a 
view  to  the  discovery  of  their  molecular  composition,  or  the  nature  and 
mode  of  union  of  their  component  particles.  Hence  there  must  neces- 
sarily be  a  wide  distinction  between  mechanical  and  chemical  combina- 
tion. Any  substances  may  be  mechanically  combined  by  mere  mixture, 
which  occasions  no  destruction  or  essential  alteration  of  Uie  sensible  pro- 
perties of  the  mixed  bodies :  for  the  compound  formed  by  the  union  of 
two  or  more  substances  which  have  no  chemical  action  on  each  other, 
will  always  exhibit  their  joint  properties,  modified,  perhaps,  but  not 
destroyed  by  their  commixture.  The  effect  of  chemical  combination 
is  very  different,  for  bodies  chemically  united  often  become  com- 
pletely deprived  of  the  peculiar  properties  they  previously  possessed, 
and  manifest  new  and  sometimes  very  extraordinary  powers,  totally 
different/rom  those  of  their  constituent  parts. 

"  If  water  be  added  to  water,  or  salt  to  salt,  the  effect  is  an  increase 
of  quantity,  but  no  change  of  quality.  In  this  case,  the  mutual  action 
of  the  particles  is  entirely  mechanical.  Again,  if  a  blue  powder  and  a 
yellow  one,  each  perfectly  dry,  be  mixed  and  well  shaken  together,  a 
green  powder  will  be  produced  ;  but  this  is  a  mere  efiect  arising  in 
the  eye,  from  the  intimate  mixture  of  the  yellow  and  blue  light  sepa- 
rately and  independently  reflected  from  the  minute  particles  of  each  ; 
and  the  proof  is  had  by  examining  the  mixture  with  a  microscope, 
when  the  yellow  and  blue  grains  will  be  seen  separate,  and  each  quite 
unaltered.  If  the  same  experiment  be  tried  with  coloured  liquids, 
which  are  susceptible  of  mixing  without  chemical  action,  a  compoiind 
colour  is  likewise  produced,  but  no  examination  with  magnifiers  is  in 
that  case  sufficient  to  detect  the  ingredients;  the  reason  obviously 
being,  the  excessive  minuteness  of  the  parts,  and  their  perfect  inter- 
mixture, produced  by  agitating  two  liquids  together.  From  the  mix- 
ture of  two  powders,  extreme  patience  would  enable  any  one,  by  pick- 
ing out  with  a  magnifier  grain  after  grain,  to  separate  ue  ingredients. 
But  when  liquids  are  mixed,  no  mechanical  separation  is  any  longer 
practicable ;  the  particles  are  so  minute  as  to  elude  all  search.  Yet 
this  does  not  hinder  us  from  regarding  such  a  compound  as  still  a 
mere  mixture,  and  its  properties  are  accordingly  intermediate  between 
those  of  the  liquids  mixed.    But  this  is  far  from  being  the  case  with 
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«11  l^uids.  When  a  aolntion  of  potash,  for  example,  and  another  of 
tartanc  acid»  each  perfectly  liquid,  are  mixed  togemer  in  proper  pro« 
poxtiona,  a  great  quantity  of  solid  saline  substance  fiEills  to  the  bottom 
of  the  containing  vessel,  which  is  quite  different  from  potash  or  tar- 
taric acid,  and  ue  liquid  from  which  it  subsided  offers  no  indications 
by  its  taste  or  other  sensible  qualities  of  the  ingredients  mixed,  but  of 
something  totally  different  from  either.  It  is  evident  that  this  is  a  phe- 
nomenon widely  different  from  that  of  mere  mixture ;  there  has  taken 
place  a  great  and  radical  change  in  the  intimate  nature  of  the  ingre- 
dients, by  which  a  new  substance  is  produced  which  had  no  existence 
before ;  and  it  has  been  produced  by  the  union  of  the  ingredients  pre- 
sented to  each  other,  for  when  examined,  it  is  found  that  nothing  has 
been  lost,  the  weight  of  the  whole  mixture  being  the  sum  of  the 
weights  mixed.  Yet  the  potash  and  tartaric  acid  have  disappeared  en- 
tirely, and  the  weight  of  the  new  product  is  found  to  be  exactly  equal 
to  that  of  the  tartaric  acid  and  potash  employed,  taken  together,  abat- 
ing a  small  portion  held  in  solution  in  the  hquid,  which  may  be  ob- 
tained however  by  evaporation.  They  have  therefore  combined,  and 
adhere  to  one  another  with  a  cohesive  force  sufficient  to  form  a  solid 
out  of  a  liquid ;  a  force  which  has  been  called  into  action  by  merely 
presenting  them  to  each  other  in  a  state  of  solution."* 

As  it  is  the  object  of  Chemistry  to  determine  the  composition  of  dif- 
ferent substances,  therefore  if  we  could  reduce  all  bpdies  to  their  ele- 
mentary principles,  and  discover  the  proportions  in  which  these 
principles  must  be  combined  in  order  to  recompose  such  bodies,  the 
science  of  Chemistry  would  be  complete*  This,  however,  is  far  from 
being  the  case,  notwithstanding  the  extraordinary  discoveries  that 
have  rewarded  the  labours  of  those  philosophers  who  have  paid  atten- 
tion to  this  important  branch  of  knowledge.  But  thou^  we  allow 
that  much  remains  to  be  achieved  by  friture  experimentalists  ere 
Chemistry  can  be  said  to  make  any  near  approaches  to  perfection,  yet 
it  mnst  be  admitted,  that  the  improvements  which  have  taken  place  in 
this  science  in  our  own  times  are  of  no  common  importance,  since  its 
first  principles  have  been  fixed  on  the  firm  basis  of  experiment,  and  a 
lominoas  system,  fbonded  on  facts,  has  superseded  those  obscure  and 


«  Hcrschel's  Diieowte  on  the  Study  of  NatnraJ  Philosophy,  pp.  297,  S9S. 
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hypothetical  spectilatioxis  wh^cb  occur  in  the  writings  of  the  older; 
chemical  aathors. 

Among  the  most  important  discoveries  of  modem  philosophers,  we 
may  reckon  those  which  relate  to  that  inherent  tendency  which  matter 
possesses  to  form  new  combinations.  This  property  of  matter  gives 
rise  to  many  of  those  operations  of  nature  which  we  view  without  surr 
prise,  only  oecause  ihe^  are  common ;  and  it  is  not  less  concerned  in 
several  ot  the  most  striking  and  extraordinary  phenomena  of  nature 
and  art.  Thus  when  we  procure  light  or  heat  by  burning  any  com< 
bustible  substance,  as  for  instance  wood,  chemicu  action  takes  place 
between  the  inflammable  matter  contained  in  the  wood,  and  part  of  the 
air  of  the  room  in  which  the  wood  is  burned ;  in  consequence  of  which, 
a  new  kind  of  air  is  formed,  the  greater  part  of  which  flies  off  with  the 
smoke.  The  respiration  of  animals  affords  another  instance  of  chemi- 
cal  action.  When  air  is  taken  into  the  lungs,  a  part  of  it  combines 
with  something  which  separates  from  the  blood ;  in  consequence  of 
which  combination,  the  air  becomes  altered  in  its  properties,  as  must 
be  obvious  to  every  one  who  considers  that  the  atmosphere  of  a 
crowded  apartment,  not  properly  ventilated,  is  soon  rendered  so 
noxious  as  to  occasion  considerable  inconvenience,  and  even  faintness* 
to  those  whose  constitutions  are  delicate. 

On  taking  a  survey  of  the  various  bodies  around  us,  we  may  ob- 
serve, that  some  among  them,  which  we  reckon  inert,  because  from  the 
influence  of  habit  or  other  causes  the^rmake  but  a  dight  impression  on 
our  senses,  are  yet  endowed  with  active  powers  or  properties,  which 
render  them  capable  of  producing  remarkable  changes  in  other  bodies. 
Thus  water,  which  is  insipid  to  the  tongue,  and  which  in  its  opera- 
tion on  living  animals  and  vegetables  acts  slowly  and  almost  imper* 
ceptibly,  wiU  yet,  if  placed  in  contact  with  a  lump  of  salt  or  sugar* 
speedily  reduce  either  from  the  solid  to  the  liquid  state.  Atmosphoie 
air,  though  it  is  necessary  for  the  support  of  animal  and  vegetable 
existence,  and  gives  rise  to  scarcely  any  sensations  but  such  as  depend 
on  variations  of  temperature,  yet  this  widely-extended  gaseous  body 
by  its  union  with  other  substances,  sometimes  produces  the  most  strik- 
ing phenomena.  Thus  the  explosion  of  fire-damp  in  coal-mines  can 
only  happen  when  the  inflammable  gas,  so  called,  is  mixed  with  a 
certain  portion  of  common  air. 

One  of  the  most  obvious  modes  of  distinguishing  bodies  is  that 
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which  depends  on  their  different  degrees  of  density;  whence  the 
arrangement  of  substances  into  the  respective  classes  called  solids, 
liquids,  and  gases,  already  noticed.  But  these  distinctions  cannot  be 
advantageously  employed  as  the  basis  of  a  chemical  classification  of 
natural  bodies,  for  reasons  which  have  been  already  stated.  Hence 
some  other  mode  of  discrimination  and  arrangement  becomes  requi* 
site,  and  such  a  one  may  be  most  properly  derived  from  considering 
the  chemical  relations  of  different  kinds  of  matter,  and  the  products 
derived  from  their  action  on  each  other. 

There  are  some  bodies  which  by  no  known  mode  of  treatment,  with- 
out addition,  can  be  made  to  form  more  than  one  species  of  matter;  for 
however  they  may  be  divided  or  subdivided,  each  particle  still  possesses 
the  same  chemical  properties  with  the  common  mass,  from  which  it 
was  taken.  There  are  comparatively  but  few  bodies  presented  to  us 
by  nature  in  this  isolated  state ;  among  the  number  may  be  mentioned, 
as  examples,  gold  and  the  diamond.  These,  together  with  all  other 
hitherto  undecomposed  bodies,  must  in  the  present  state,  of  chemical 
science  be  considered  as  elementarj  or  simple  substances.  Were  it 
practicable  to  procure  and  exhibit  all  the  elements  of  bodies  in  a  de- 
tached form,  and  to  trace  the  various  compounds  resulting  from  their 
union,  Chemistry  would  have  attained  perfection,  and  no  object  of  in- 
quiry would  remain  for  future  experimentalists.  But  notwifiistanding 
me  great  acquisition  of  knowledge  derived  from  the  discoveries  of  our 
contemporaries,  they  have  by  no  means  enabled  us  to  determine  the 
boundaries  of  ^e  field  of  science,  but  merely  to  form  some  conjectural 
ideas  concerning  its  vast  extent. 

No  correct  gpeneral  knowledge  of  the  nature  and  properties  of 
difiierent  substances  can  be  acquired  without  instituting  comparisons 
between  them,  whence  we  manr  discover  the  various  points  of  similitude 
or  contrast  among  them,  which  will  enable  us  to  arrange  them  in 
groups  or  classes,  bearing  certain  relations  to  each  other. 

For  the  purposes  of  chemical  inquiry,  the  most  obviously  conve- 
nient airangement  of  bodies  is  that  in  which  they  are  classed  accord- 
ing to  their  composiiion,  placing  the  simple  bodies  first  in  order,  and 
then  the  compounds  arising  horn  the  ^various  combinations  of  the 
former. 

According  to  the  ancient  philosophers,  the  simple  bodies  or  elemen- 
tary principles  firom  which  all  ihe  varieties  of  matter  are  composed, 
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wer6  but  four,  namely,  Fire,  Air,  Water,  and  Earth.  This  notion, 
after  having  for  ages  formed  a  part  of  the  creed  of  the  learned,  has 
been  completely  exploded  by  the  light  of  modem  science,  though  it  is 
not  yet  extinct  among  the  Tulgar.  The  alchemical  writers  of  the  middle 
ages  added  to  these  principles  some  others,  as  Salt,  Sulphur,  and  Mier- 
oury ;  to  which  terms,  however,  they  attached  ideas  very  different 
from  those  that  belong  to  them  at  present,  and  into  the  nature  of  which 
we  shall  not  stop  to  inquire. 

Some  of  the  alleged  elements  of  the  older  chemists  are  now  known 
to  exist  only  in  imagination,  and  others  are  ascertained  to  be  by  no 
means  simple  substances :  tiius  Air  is  found  to  consist  of  two  different 
elastic  fluids  or  gaseous  bodies,  which  may  be  separated  by  various 
processes,  and  exhibited  apart  from  each  other.  Water  also  has  been 
ascertained  to  be  a  compound  which  may  be  analyzed  or  decomposed, 
80  as  to  produce  two  distinct  kinds  of  gas,  which  may  be  separately 
collected,  and  when  again  mixed  together  in  proper  proportions,  they 
may  be  made  to  form  water  by  their  union. 

Other  bodies,  formerly  esteemed  simple,  have  yielded  to  the  analy- 
tic^ processes  of  modem  chemistry ;  but  there  is  a  certain  number  of 
substances  which  either  in  the  state  in  which  they  are  presented  to  us 
by  nature,  or  as  they  are  procured  in  various  operations  by  art,  have 
hitherto  resisted  aU  attempts  at  further  decomposition,  and  which 
therefore,  as  before  stated,  must  be  regarded  as  simple  substances. 
Their  number  is  not  very  great,  amounting  to  about  fifty-four,  and  it 
is  not  unlikely  that  the  future  researches  of  chemists  may  demonstrate 
some  of  these  bodies  to  be  compounds ;  at  the  same  time,  it  is  probable 
that  additions  may  be  made  to  the  class  of  elementary  substances  in 
consequence  of  future  discoveries,  several  of  those  now  admitted  into 
this  class  having  become  known  to  us  but  very  recently. 

Some  of  these  elementary  bodies  are  widely  and  abundantly  dis- 
persed throughout  the  three  kingdoms  of  nature,  either  alone  or  in 
a  state  of  composition,  while  others  appear  to  be  of  very  rare  occur- 
rence, or  at  least  they  have  hitherto  been  met  with  only  in  small  quan- 
tities and  in  a  few  situations.  The  whole  of  the  elementary  substances 
may  be  arranged  in  two  divisions:  the  first  comprehending  those 
which  are  not  of  a  metallic  nature,  the  entiro  number  of  which  now 
known  amounts  to  only  thirteoi ;  the  remaining  forty-one  elementaiy 
bodies  are  all  regarded  as  metals,  though  some  of  them  exhibit  proper- 
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ties  differing  considerably  from  those  which  characterize  gold,  silver, 
mercuiy,  lead,  iron,  and  other  bodies,  to  which  the  designation  of 
metals  was  originally  applied. 

The  following  table  exhibits  a  list  of  all  the  elementary  or  simple 
bodies  hitherto  discovered,  divided  into  these  two  classes,  namely, 
the  non-metallic  elements  and  the  metals ;  to  which  are  annexed  the 
names  of  those  chemists  by  whom  they  were  discovered,  or  by  whom 
their  elementaiy  nature  was  first  ascertained,  and  the  date  of  the 
discovery. 


1  Oxygen 

2  Chlorine 

3  Iodine    , 

4  Bromine 

5  Fluorine 


1774 


6  Hydrogen 

7  Nitrogen     . 

8  Carbon 

9  Boron.    . 

10  Silicon    •    « 

11  Phosphoms 

12  Sulphur 

IS  Selenium    • 


TABLE  OF  SIMPLE  SUBSTANCES. 

I.  Non-metaUie  EUmmtts. 

Discoverers.  ^?**®  ?L. 

Discovery. 

{Dr.  Priestley,   in    England;    and   1 
Scheele,  in  Sweden    .        .        .J 
.    .    .    Scheele,  in  Sweden    .        .        .        .    1774 
«    .      Courtois,  in  France        .        •        •        1811 
.    ,    .    Balard,  in  France      ....    1826 
f  Properties  first  accurately  investigated 
.    •  i      byScheele^butithasne^erbeen'ex- 
1^     hibited  in  a  separate  state 
.    •    Cavendish,  in  England  .        •        «        1766 
.      Dr.  D.  Rutherford,  in  Scotland .        .    1772 


Sir  H.  Davy,  in  England 
Berzelius,  m  Sweden 
Brandt,  at  Hamburgh    • 

Berzelius,  in  Sweden 


1807 
1824 
1669 

1818 


14  Potassittm 

15  Sodium  • 

16  Lithium    . 


II.  MetaU. 

Sir  H.  Davy,  in  England  .  '     .        .    1807 

Oxide  discovered  by  Arfvedson,  ui  1^313 
Sweden j 
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17  Barynm  •     . 

18  Strontium 

19  Calcium 

20  Magnesium 

21  Aluminum  . 

33  Glucinum 

23  Yttrium.    . 

24  Zirconium  . 

25  Thorium- . 

26  Cerium     • 

27  Tellurium 


28  Anenic  .    . 

29  Antimony     . 

30  Chromiimi  • 

31  Vanadium     • 

32  Uranium     • 

33  Molybdenum 

34  Tungsten    . 

35  Columbium  • 

S6  Titanium    . 

37  Iron 

38  Manganese  . 

39  Nickel     .     . 

40  Cobalt    .    . 

41  Zinc     .    .    . 

42  Cadmium    . 

43  Lead 

44  Tin 

45  Copper 


.  IsirH. 


'Viscoverers. 


Davy,  in  England 


Date  of 
Discovery. 

.     1808 


Bussy,  in  France  ....        1829 
Wohler,  in  Germany         .        .        •    1828 

{Oxide  discovered  by  Vauquelin,  inl  .^^y, 
France       ......     /^^^ 

Oxide  discovered  by  Gadolin,  in  Sweden  1794 
Berzelius,  in  Sweden     .        .        •        1824 

•  Berzelius 

.    Mosander»  in  Sweden        ...    1804 
.    Klaproth,  at  Berlin        .        .        .        1797 
'  Appears  to  have  been  known  to  Para- 1 
oelsns,  in  the  16th  century ;  but  first  \  ^n^ao 
aocurately  examined  by  Ge<).  Brandt,  I 

in  Sweden J 

.    Known  to  Basil  Valentine  • .      .  about  1450 

Vauquelin,  in  France     ...        .        1797 

.    Sefstrom  and  Berselius,  in  Sweden    •    1830 

Klaproth,  at  Berlin        •        .        •        1789 

r  Scheele,  in  Sweden  .        •       ,.        .    1778 

\  Reduced  to  the  metallic  state  by  Hielm    1782 

MM.  D'Elhnyarts,  inSpain..        .        i78l 

r  Oxide  discovered  by  Hatchett,in  £ng- 1    _ . 

.  <     land ;  and  by  Ekeberg,  in  Sweden   J 

[  Reduced  by  Berzelius       .        .        «    1824 

Vauquelin,  in  France    •        .        •        1796 

Gahn,  in  Sweden      •        .        •        •  1774 

.    Bergman,  in  Sweden      .        •        .  1775 

Brandt,  in  Sweden    ....  1733 

•  Henck^  mentions  its  reduction  in    .  1721 
Stromeyer,  in  Germany     .        •        •  1817 
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46  Bismuth  .    •    •    Mentioned  by  Geo.  Agricola    •     about  1530 
•47  Mercury 

48  Si]7er 

49  Gold 

50  Platina  .    .    •      Charles  Wood,  Assay-master  in  Jamaica  1741 

51  PiJladium     .    •    Dr.  WoUaston,  in  England    .        .        1803 
5S  Rhodium     .    .      The  same 1804 

54  0amW*     '    'JTennant,  in  England     .        .        .        1803 

As  some  of  these  elementary  bodies  enter  into  the  composition  of  a 
yast  variety  of  substances  of  common  occurrence,  and  as  it  is  impos- 
sible intelligibly  to  describe  chemical  phenomena  without  the  frequent 
mention  of  them,  or  allusion  to  their  properties  and  modes  of  action, 
some  short  notices  of  them  may  here  be  advantageously  introduced, 
previously  to  a  review  of  the  laws  of  chemical  affinity,  and  a  more 
extensive  description  of  the  simple  bodies  in  general,  and  of  the  most 
important  compounds  arising  from  their  relative  action  upon  each 
other.  We  shall  thus  avoid  &e  necessity  of  repeated  explanations  of 
the  nature  of  these  bodies  each  time  they  are  mentioned,  or  the  still 
greater  inconvenience  of  referring  to  the  properties  and  effects  of  sub- 
stances with  which  the  reader  may  be  supposed  to  be  unacquainted. 

Among  the  thirteen  non-metallic  elements  there  are  some  which  at 
all  common  temperatures  exist  only  in  the  gasoous  state,  while  the 
others  at  moderately  low  temperatures  are  solids;  and  among  the 
former  are  the  elementary  principles  of  air,  water,  and  many  other 
bodies  around  us.  The  first  and  most  important  of  the  elemen- 
tary bodies  is  that  called  Oxygen,  from  two  Greek  words,  denoting 
the  power  of  producing  addi,  because  it  was  formerly  thought  to  be 
the  universal  acidifying  principle,  though  it  is  now  Imown  &at  there 
are  many  acids  in  which  oxygen  is  not  contained.  One  of  the  grand 
characteristic  properties  of  this  gaseous  element  is  that  of  b^g  a 
most  powerful  supporter  of  combustion,  so  that  most  inflammable 
bodies  bum  in  it  rapidly  and  brilliantly.  Its  more  peculiar  properties 
will  be  subsequentiy  described ;  and  we  sbaU  only  add  here  that  it 
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unites  with  all  other  elementary  substances  (except  possibly  fluorine), 
and  with  many  of  them  in  7arious  proportions. 

NiTBooEN  or  Azote  is  also  a  gaseous  body,  the  mixture  of  which 
with  oxygen  in  certain  proportions  constitutes  atmospheric  or  common 
air.  The  name  Azote,  derived  from  the  Greek,  implies  its  being  im- 
proper for  the  purpose  of  respiration,  as  animals  confined  in  this  gas 
soon  die.  It  is  therefore  owing  to  the  oxygen  contained  in  atmospheric 
air  that  it  is  capable  of  supporting  animal  life,  for  none  of  the  higher 
classes  of  animals  can  exist  long  in  any  kind  of  air  which  does  not 
contain  oxygen.  The  term  Nitrogen  has  been  applied  to  the  gas  now 
under  notice,  in  consequence  of  its  being  found  to  be  a  constituent 
part  of  nitric  acid,  or  as  it  is  vulgarly  called,  aqua  fortis,  which  is  a 
chemical  compound  containing  a  very  large  proportion  of  oxygen 
united  to  the  nitrogen.  There  are  also  other  compounds  of  oxygen 
with  nitrogen,  among  which  may  be  mentioned  that  sometimes  cafied 
nitrous  oxide,  and  which,  thougli  it  contains  more  oxygen  than  atmo- 
spheric air,  may  yet  be  breathed  for  a  time  with  saroty ;  but  it  pro- 
duces very  remarkable  effects  when  thus  used,  generally  occasion- 
ing a  state  of  excitement  somewhat  similar  to  that  caused  by  drinkmg 
wine  or  spirits,  and  hence  it  has  been  popularly  named  intoxicating  or 
laughing  gas.  Nitrogen  enters  largely  into  the  composition  of  most 
kinds  of  animal  matter. 

Hydrogen  is  likewise  a  gas,  being  that  which  when  combined  with 
oxygen  forms  water,  as  its  name,  which  is  derived  from  the  Greek, 
implies.  It  was,  when  first  discovered,  called  Phlogiston,  and  Inflam- 
mable Air.  The  former  of  these  terms  was  attached  to  it  in  conse- 
quence of  an  erroneous  opinion,  at  one  period  generally  adopted  by 
chemists,  that  all  metals  were  composed  of  various  kinds  of  calces  or 
earths,  each  respectively  united  to  an  inflammable  principle  named 
Phlogiston.  Now  as  it  was  observed,  that  when  any  metal  becomes 
dissolved  in  a  diluted  acid,  as  when  iron  or  sine  are  thus  treated 
with  sulphuric  acid  and  water,  inflammable  air  was  always  given  off 
during  the  process,  it  was  conjectured  that  the  air  in  question  was  de- 
rived from  the  met^l ;  though  it  is  now  known  that,  in  the  case  pro- 
posed, it  arises  from  the  decomposition  of  the  water  with  which  the 
acid  is  diluted,  and  that  this  sort  of  air  never  makes  its  appearance  in  the 
course  of  such  metallic  solutions,  unless  water  or  some  other  body  con- 
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taining  hjdrogen  be  present.  This  gas,  though  highly  inflammable 
when  mixed  with  oxygen,  and  some  other  simple  and  compound  gases, 
yet  is  incapable  of  tupportir^  eomfnution,  for  if  a  burning  body,  as  a 
lighted  candle  or  match,  be  introduced  into  it,  the  flame  will  be  im- 
mediately extinguiBhed.  Hydrogen  enters  into  combination  with  most 
other  substances,  producing  many  remarkable  compounds,  among 
which  may  be  mentioned  that  formed  by  its  union  with  nitrogen ;  the 
result  of  which  is  an  alkaline  gap,  formerly  called  volatile  alkali,  and 
now  ammonia.  This  compound  which  at  common  temperatures  exists 
only  in  the  state  of  gas,  is  rapidly  absorbed  by  water  or  spirit  of  wine, 
communicating  to  it  a  peculiar  pungent  odour,  with  which  most  per-* 
sons  are  familiar,  as  belonging  to  spirit  of  hartshorn  and  smelling 
salts. 

Chlorine  is  the  last  of  the  simple  bodies  existing  in  a  gaseous 
state  at  common  temperatures ;  but,  while  those  already  mentioned  are 
not  only  transparent  but  colourless,  this  gas  exhibits  a  yellowish- 
green  tint,  whence  its  name  Chlorine  (Chlore,  in  French),  from  the 
Greek  XXcupoc,  which  denotes  that  colour.  It  was  originally  obtained, 
by  Scheele,  from  the  decomposition  of  muriatic  acid,  or  spirit  of  salt, 
in  which  he  found  it  combined  with  hydrogen,  then  called  Phlogiston ; 
and  therefore  he  gave  to  the  newly-obtained  gas  the  name  of  Dephlo- 
gisticated  Marine  Acid.  It  was  subsequently  supposed  to  be  a  com- 
pound of  muriatic  acid  and  oxygen ;  but  Sir  H.  Davy  ascertained  its 
real  nature,  and  gave  it  its  present  name. 

Chlorine  unites  with  many  other  simple  and  compound  bodies,  form- 
ing with  several  of  them  acids;  and  in  other  respects  it  exhibits 
chemical  properties  analogous  to  those  of  oxygen,  being  like  that  gas 
a  supporter  of  combustion.  It  is  largely  dispersed  throughout  nature, 
but  always  m  a  state  of  combination,  as  in  sea- water  ana  rock-salt,  or 
that  procured  from  brine  springs,  in  which  it  is  united  with  the  metal 
sodium.  This  gas  is  by  no  means  adapted  for  respiration,  and  when 
mixed  with  much  atmospheric  air  it  still  proves  highly  irritating,  pro- 
yoking  cough  and  defluxion  from  the  nostrils.  As  it  combines  rapidly 
with  many  other  gases,  it  has  been  found  useful  to  purify  air  loaded 
with  infectious  miasmata.  It  is  on  this  account  that  the  chloride  of 
lime,  in  solution,  is  used  to  sprinkle  the  floors  and  walls  of  rooms,  and 
to  purify  clothes  and  other  articles,  which  have  been  tainted  by  putrid 
or'infectious  vapours.    Chlorine  has  also  a  powerful  effect  in  destroy* 
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ing  vegetable  colours,  and  the  chloride  of  lime  is  therefore  extensiTeljr 
used  in  the  process  of  bleaching  linen  cloth  and  other  substances. 

The  four  preceding  bodies,  Ozygen,  Hydrogen,  Nitrogen,  and 
Chlorine,  exist  at  common  temperatures  and  pressures  only  as  gas. 
There  are  other  substances,  as,  for  instance.  Carbon  (charcoal),  and 
the  more  rare  bodies,  called  Silicon  and  Boron,  which  are  found  only 
in  the  solid  state ;  and  some,  like  iron  and  most  of  the  metals,  though 
usually  solid,  become  liquefied  at  respectiv^y  rarious  temperatures ; 
and  there  is  still  another  class  of  bo^es  capable  of  existing  under  the 
three  several  forms  of  aggregation.  Among  these  last  are  Sulphur, 
Phosphorus,  and  tbe  substances  called  Bromine,  Iodine,  and  Selenium, 
which  are  of  less  frequent  occurrence. 

Carbon  is  a  solid  body,  hitherto  undecomposed,  and  therefore  sop- 
poaed  to  be  elementary,  which  enters  laj^ely  into  the  composition  of 
most  substances  belong^g  to  the  animal  and  vegetable  kingdoms,  and 
which  also  forms  the  basis  of  many  of  the  combustible  minerals,  as 
bitumen,  coal,  plumbago,  and  amber.  In  the  form  of  charcoal,  pro- 
cured by  charring,  or  distilling  without  the  access  of  air,  wood  and 
some  other  substances,  Carbon  is  obtained  in  a  separate  state,  or  merely 
intermixed  with  small  portions  of  earths  or  salts ;  and  it  exists  in  a 
state  of  the  greatest  purity  in  the  diamond  ;  for  it  has  been  ascertained 
by  chemical  investigation,  that  the  diamond,  when  exposed  to  a  very 
high  temperature,  and  especially  if  confined  in  oxygen  gas,  will  bmrn 
like  charcoal,  exhibiting  the  same  product;  that  gem  oonststing  en- 
tirely of  crystallized  Carbon.  With  most  of  the  simple  substances 
Carbon  constitutes  a  variety  of  compounds,  among  the  most  importsnt 
of  which  are  those  arising  from  its  union  with  oxygen,  with  wnich  it 
forms  both  an  oxide  and  an  acid :  the  latter,  called  Carbonic  Acid,  is 
the  gaseous  bodv  formerly  known  by  the  name  of  fixed  air,  which  ia 
abundantly  produced  ia  the  combustion  of  vegetable  matter,  in  the 
respiration  of  animals,  and  in  other  processes.  In  consequence  of  its 
strong  aflSnity  for  oxygen,  Carbon,  or  rather  substances  containing  it^ 
are  generally  used  for  the  purpose  of  reducing  iron  and  other  metals 
from  their  ores,  in  which  they  are  frequently  combined  with  oxygen. 
The  combinations  of  this  body^with  hydrogen  are  extremely  nume- 
rous, forming  the  bases  of  vuous  spirits,  oils,  resins,  and  a  great 
Tarie^  of  other  vegetable  products. 

Siucoxi  is  never  met  with  in  nature  in  an  unoombined  state,  but  by 
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itf  mnon  with  oxjgen  it  forms  Silica,  or  siliceous  earth,  which  in  the 
TExious  states  of  fliot,  quartz,  rock  crystal,  and  other  analogous  bodies, 
18  dispersed  in  great  abundance  throughout  the  mineral  kingdom. 
This  substance  when  pure  is  a  dark  brown  powder,  which  when  first 
discovered  was  supposed  to  be  of  a  metallic  nature ;  but  as  it  ezhibitu 
none  of  the  lustre  of  a  metal,  and  is  a  nonconductor  of  electricity,  it 
has  with  propriety  been  placed  in  the  class  of  noU'metallic  elementary 
bodies.  It  unites  with  several  other  substances,  forming  compounds, 
the  most  important  of  which,  next  to  the  Oxide  of  Silicon  (Silica),  is 
the  product  of  its  union  with  Fluorine. 

BoBON  is  the  basis  of  the  acid  called  Boracic  Acid,  which  in  com« 
bination  with  Soda  or  mineral  alkali,  produces  the  saline  substance 
named  Borax,  frequently  used  both  in  medicine  and  the  arts.  Boron 
is  an  olive- brown  powder,  destitute  of  taste  or  smell,  which  enters 
into  union  with  some  of  the  metals  and  other  elementary  bodies ;  but 
its  combinations  are  of  little  importance,  except  that  which  it  forms 
with  oxygen  (Boracic  Acid). 

SuLPHDR  is  one  of  the  few  elementary  substances  which  are  found  m 
ns,ture  in  an  uncombined  state ;  and  it  also  often  occurs  in  union  with 
other  substances.  It  is  met  with  in  large  quantities  in  the  neigh- 
bourhood of  voicanos ;  and  being  produced  abundantly  in  the  island  of 
Sicily,  it  is  brought  as  an  article  of  commerce  from  the  Mediterranean. 
This  substance,  hitherto  undecomposed,  and  therefore  regarded  as 
elementary,  occurs  in  two  forms,  that  of  a  light  yellow  powder  called 
Flowers  of  Sulphur,  snd  that  of  a  compact  solid  of  a  greenish-straw 
colour,  sometimes  called  Roll  Sulphur.  The  general  properties  of 
Sulphur  in  both  these  forms  are  well  known.  Sulphur  combines  with 
most  other  bodies,  forming  a  variety  of  compounds  ;  the  most  remark* 
able  of  which  are  those  arising  from  its  union  with  oxygen  and  hydro- 
gen. It  forms  several  oxides  and  acids,  and  one  of  the  latter.  Sul- 
phuric Acid,  oil  of  vitriol  of  commerce,  is  much  used  both  alone  and 
in  combination,  for  medical  and  technical  purposes.  With  hydrogen 
Sulphur  forms  a  peculiar  gas.  which  has  some  of  the  properties  of  an 
aoid ;  and  which  is  given  off  during  the  putrefaction  of  animal  sub- 
stances, causing  a  peculiar  offensive  smell,  resembling  that  of  rotten 
eggs :  it  was  formeriy  called  Hepatic  Air. 

Phosphorus,  like  sulphur,  is  a  solid  but  readily  volatile  substance ; 
bat  is  never  foond  in  natture  in  an  uncombined  state.    Some  of  its 
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eompoands  occur  occaflionally  in  mineral  substances ;  but  it  is  most 
abundantly  contained  in  certain  animal  fluids  and  solids,  and  espe- 
cially in  bone,  from  which  it  is  usually  obtained  for  experimental 
purposes.  Phosphorus  is  found  in  the  shops  in  the  form  of  small 
cylinders,  semi-transparent,  and  nearly  of  the  consistence  of  wax,  in- 
ternally of  a  reddish  or  flesh  colour,  but  coated  with  a  white  film,  aris- 
ing from  its  partial  decomposition.  It  so  strongly  attracts  oxygen 
from  the  air  as  to  become  slowly  decomposed  at  a  very  low  tempera- 
ture, and  hence  it  is  usually  kept  under  water.  With  oxygen  it  forms 
two  acids,  one  of  which,  the  Phosphoric  Acid,  in  ccnnbination  with  lime 
m  calcareous  earth,  constitutes  the  basis  of  hone.  It  unites  with  hy- 
drogen, to  form  an  inflammable  gas ;  and  it  also  enters  into  combina- 
tion with  various  other  bodies. 

Iodine  is  a  bluish-black  or  Tiolet-colonred  solid,  having  a  metallic 
lustre.  It  is  contained  in  sea-water,  and  in  some  marine  productions, 
as  seaweed  and  sponge ;  and  it  is  supposed  that  burnt  sponge,  which 
is  used  in  medicine,  owes  its  virtues  to  the  presence  of  Iodine.  This 
body,  like  oxygen  and  chlorine,  is  not  itself  combustible,  but  is  a  tup- 
porter  of  combustion.  It  unites  with  various  other  simple  substances ; 
and  mth  oxygen  and  chlorine,  it  forms  respectively  acid  compounds. 

Bromine,  like  Iodine,  is  a  marine  production,  and  it  is  usually  pro- 
cuzed  from  the  refuse  liquor  obtained  in  making  sea  salt.  Its  common 
form  is  that  of  a  cloudy  red  liquid,  having  a  very  disagreeable  smell 
and  taste.  It  is  one  of  the  sufyportert  of  combustion,  and  enten  into 
union  with  various  simple  bodies,  forming  acids  both  with  oxygen 
and  chlorine.  In  many  respects,  it  bears  a  strong  analogy  to  iodme, 
and  has  been  supposed  to  be  a  compound  of  that  body  with  chlorine ; 
but  thera  appeara  to  be  sufficient  evidence  of  its  elementary  nature. 

Fluorine  is  generally  regarded  as  an  dementary  body,  though  it 
has  never  yet  been  exhibited  in  a  separate  state,  in  consequence  of  its 
powerful  tendency  to  form  combinations  with  all  known  substances. 
8ome  of  its  compounds  enter  into  the  composition  of  certain  minerals, 
among  which  the  best  known  is  that  called  Fluor  Spar,  found  in  Derby- 
shire ;  and  which,  from  its  beauty  and  the  fiicility  with  which  it  may 
be  cat  and  polished,  is  frequently  used  for  making  chimney  ornaments 
and  other  purposes.  Among  the  artificial  compounds  of  fluorine,  ons 
of  the  most  important  is  that  which  it  forms  with  hydrogen,  called 
Hydro-fluoric  Acid,  which  has  the  property  of  comoding  glus. 
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Sblevxvh  is  A  reddisb-graj  solid,  obtained  from  pyrites,  and  in 
many  of  its  properties  resembling  sulpbur,  being  like  that  bodj  readily 
oomonstible.  It  has  hitherto  been  found  onlj  in  a  few  places,  and  in 
small  quantities.  It  forms  acids  in  combination  with  oxygen ;  and  it 
iilso  unites  with  hydrogen  and  chlorine,  and  probably  with  other 
elementary  substances. 

Mftals. — ^The  metallic  elements,  as  already  observed,  display  great 
dirersity  as  to  their  general  appearance  and  properties ;  and  there  is, 
on  the  other  hand,  so  much  similarity  between  some  of  these  bodies 
end  some  of  the  non-metallic  elements,  that  their  distinction  becomes 
difficult  and  inconsiderable.  Hence  some  chemists  have  hesitated  as 
to  the  proper  mode  of  classifying  certain  substances.  Silicon  and 
Selenium  have  both  been  regarded  as  metals ;  and  among  the  bodies 
which  have  been  always  admitted  into  the  first  class,  there  is  not  any 
perhaps  which  so  much  resembles  the  metals  as  Carbon,  in  that  state 
of  agg^regation  which  constitutes  charcoal.  Indeed,  the  elementary  or 
simple  substances,  metallic  and  non-metallic,  have  so  many  points  of 
analogy  as  to  render  it  impossible  to  form  a  classical  arrangement  of 
them,  adapted  for  practical  purposes,  which  may  not  be  liable  to  ob- 
jection. In  this  as  well  as  in  other  cases,  nature  seems  to  display  a 
rariety  of  bodies  not  capable  of  being  separated  into  orders  or  sec- 
tions, strikingly  contrasted  with  each  other,  but  throughout  the  whole 
a  gradation  appears  to  take  place ;  whence  may  be  deduced  a  chain  of 
simple  bodies,  variously  connected  with  each  other :  those  that  in 
some  respects  obviously  appear  to  be  members  of  different  classes  ap- 
proaching nearly  together  in  certain  of  their  properties  and  modes  of 
action.  However,  the  usual  arrangement  of  the  simple  bodies  into 
metals,  and  those  which  are  not  metals,  may  be  conveniently  re- 
tained, as  affording  perhaps  the  most  generally  applicable  method  of 
distinguishing  them. 

It  will  be  unnecessary  to  notice  separately  each  of  the  metallic  ele- 
ments, as  we  have  done  those  of  a  non-metallic  nature ;  because  several 
of  them  are  as  to  their  general  properties  fioniliarly  known,  being  used 
either  in  a  state  of  purity,  or  combined  one  wiUi  another  (forming 
simple  or  compound  metals),  for  numy  common  purposes.  Thus  Iron 
is  the  usual  materitd  for  the  construction  of  a  tast  multitude  of  instru- 
ments and  utensils  for  domestic  and  other  purposes ;  Gold,  Silver,  and 
Copper,  have  been  long  employed  in  makmg  the  coin  current  in  all 
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ciiriliaed  coontries ;  Leftd  is  used  in  sheets  for  coTering  the  roofii  of 
buildings,  in  tubes  for  making  waterpipes,  and  on  many  other  occa« 
aions ;  Mercury  is  well  known  as  remaining  fluid  at  a  lower  tempera- 
ture than  any  other  metal,  or  indeed  than  almost  any  other  liquid ;  and 
it  is  therefore  used  in  the  construction  of  thermometers  and  other 
philosophical  instruments.  Zinc  is  often  used  in  combination  with 
other  metals,  at  with  Copper  in  the  manufacture  of  Brass,  and  it  is 
likewise  employed  alone,  instead  of  lead,  for  corering  houses  ;  and  Tin 
is  not  only  of  general  utility  for  coating  other  metals,  as  in  making  tin 
plate,  but  also  in  its  combination  with  copper  forming  Bronze  or  Bell* 
metal. 

Perhaps  the  metals  may  be  most  properly  characterized  with  refer- 
ence to  their  power  as  conductors  of  eiectncity,  which  belongs  to  all 
of  them  in  a  high  degree.  This,  however,  is  not  an  ezclusiTe  cha- 
racter of  the  metallic  elements,  for  Carbon  (charcoal)  is  also  a  good 
conductor  of  electricity,  and  in  this  respect  it  more  nearly  corresponds 
with  the  metals  than  Silicon  or  Selenium,  which  are  non-condnctorB. 
Among  the  acknowledged  metals  there  are  many  which  differ  greatly 
from  the  more  conunon  metallic  bodies,  in  being  neither  malleable  nor 
ductile :  such  are  Antimony,  Arsenic,  Cobalt,  and  Manganese.  There 
are  others  which  are  distinguished  by  having  a  very  strong  affinity  for 
oxygen ;  so  that  at  low  temperatures  they  decompose  atmospheric  air 
or  water,  uniting  with  the  oxygen  in  those  bodies  to  form  .metallio 
oxides ;  as  is  found  to  be  the  case  with  the  metals  which  Sir  H.  Davy 
discovered  to  be  the  bases  of  potash  and  soda.  Therefore  when  these 
metals,  named  Potassium  and  Sodium,  are  obtained  from  the  decom- 
position of  their  respective  oxides,  potash  and  soda,  the  metals  thus 
formed  can  only  be  preserved  by  keeping  them  immersed  in  ether, 
which  does  not  act  on  them.  Hence  it  appears  that  those  bodies  fbp> 
merly  termed  Fixed  Alkalies  are  metallic  oxides :  and  this  is  also  the 
case  with  the  different  earths ;  thus  Calcium  is  a  metal  which  com- 
bined with  oxygen  forms  calcareous  earth  or  lime,  a  substance  which 
abounds  especially  in  the  animal  and  mineral  kingdoms  of  natare% 
The  earth  called  Barytes  is  an  oxide  of  the  metal  Baryum ;  Strontites 
is  an  oxide  of  the  metal  Strontium ;  Magnesia,  in  its  pure  state,  ooa^ 
monly  called  Calciued  Magnesia,  is  an  oxide  of  the  metal  Magnesium ; 
and  Alumine,  argillaceous  earth  or  pure  clay,  is  an  oxide  of  the  metal 
Aluminum.    The  more  rare  kinds  of  earths,  called  Yttria,  Glaeiiia» 
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2ircon,  and  Thorina,  are  also  metallic  oxides  ;  and  it  has  been  already 
stated  that  Silica,  pure  siliceous  earth,  is  an  oxide,  though  its  basis, 
Silicon,  is  not  a  metallic  body. 

CHEMICAL   AFFIMITY. 

That  property  of  matter  which  occasions  the  combinatiou  of  hete< 
rogeneous  bodies,  is  the  cause  of  the  principal  phenomena  of 
chemistry,  and  is  therefore  called  Chemical  Affinity  or  Attraction.  It 
is  also  sometimes  termed  Elective  Attraction,  and  the  Attrac- 
tion of  Composition,  to  distinguish  it  from  Cohesive  or  Aggrega- 
tive Attraction.  This  interesting  subject  was  first  systematically 
studied  in  France  by  M.  Geoffroy,  who  formed  a  table  of  elective 
attractions.  Bergmann  in  Sweden,  Kirwan  in  England,  Berthollet  in 
France,  and  Richter  in  Germany,  afterwards  paid  particular  attention 
to  this  branch  of  science ;  and  the  subsequent  labours  of  our  countiy- 
men,  Dalton  and  Sir  H.  Davy,  and  of  the  illustrious  foreigners,  Ber- 
selius,  Gay  Lussac,  Thenard,  and  others,  have  made  vast  additions 
to  our  knowledge,  concerning  this  fundamental  branch  of  chemical 
science. 

Chemical  Attraction  may  be  defined  to  be  that  energy,  in  con- 
sequence  of  which,  different  kinds  of  matter  unite  to  form  compounds 
having  properties  often  dissimilar  from  those  of  their  component 
parts,  so  that  the  result  of  chemical  combination  can  only  be  ascer- 
tained, at  least  in  the  first  instance,  by  experiment.  Thus,  if  iron 
filings  be  dissolved  in  sulphuric  acid,  or  as  it  is  commonly  called,  oil 
of  vitriol,  a  substance  will  be  produced  bearing  no  kind  of  resemblimce 
to  either  of  its  component  parts,  called  by  chemists  Sulphate  of  Iron, 
and  vulgarly, Copperas,  or  green  vitriol,  which  is  a  greenish,  semi-trans- 
parent, crystallized  substance,  having  nothing  of  the  appearance  of 
the  metal,  nor  of  the  sour  taste  of  the  acid.  Acetic  Acid,  or  the  acid 
of  vinegar,  in  the  same  manner  dissolves  copper,  and  constitutes 
with  it  the  blue  efflorescent  salt  called  Verdigris.  Caustic  V^etable 
Alkali  is  a  deliquescent  substance,  which,  as  its  name  implies,  corrodes 
ileth ;  and  Sulphuric  Acid,  already  mentioned,  is  a  liquid  which, 
when  concentrated,  acts  much  in  the  same  manner  on  flesh,  but  from 
the  union  of  these  bodies,  so  destructive  to  animal  matter,  results  the 
clmnieal  compound,  Sulphate  of  Potash,  a  salt  which,  whether  solid  or 
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dissolved  in  water,  does  not  act  on  the  skin,  and  maj  be  swallowed 
with  safety,  being  used  like  the  somewhat  similar  compound.  Sulphate 
of  Soda  (Glauber  salt),  for  medicinal  purposes.  Sometimes  two  liquids 
or  gaseous  bodies,  bj  their  union,  form  a  solid  compound.  Thus  the 
gas  that  rises  from  Spirit  of  Hartshorn,  called  bj  chemists  Ammonia, 
and  Muriatic  Acid  Gas,  if  mixed  together  in  an  empty  jar,  become 
condensed  into  a  white  saline  solid,  called  Muriate  of  Ammcmia,  or 
Sal  Ammoniac. 

The  phenomena  of  Chemical  Attraction  are  regulated  by  the  foUow- 
ing  laws : 

1.  This  attractive  force  is  exerted  in  different  degrees  by  different 
bodies. 

3.  It  operates  only  on  very  minute  particles  of  bodies;  and  bence 
chemical  action  is  promoted  by  previous  solution,  trituration,  or  other 
mechanical  methods  of  division  and  intermixture. 

3.  When  bodies  combine,  an  alteration  of  temperature  generally 
takes  place,  sometimes  with  die  exhibition  of  light. 

4.  Bodies  which  have  an  attraction  for  each  other,  are  always  found 
to  display  opposite  states  of  electricity. 

5.  All  bodies  are  composed  of  certain  atoms  or  molecules,  and 
chemical  combination  consists  of  the  union  of  one  or  more  atoms  of 
one  of  the  uniting  bodies,  with  some  determinate  number  of  atomft 
of  the  other  uniting  body. 

6.  Chemical  attraction  takes  place  in  three  different  modes: — 
(1.)  When  one  simple  body  is  presented  to  another,  for  which  it  has 
an  affinity,  a  union  takes  place,  and  a  compound  is  formed.  (2.)  If 
a  simple  body.  A,  be  presented  to  a  compound,  B  C,  and  if  A  have  a 
stronger  affinity  for  B  than  C  has,  the  compound  B  C  will  be  decom- 
posed, and  a  new  compound,  A  B,  will  be  formed.  (3.)  If  a  com* 
pound,  A  B)  be  presented  to  another  compound,  C  D,  though  neither 
A  nor  B  alone  would  decompose  C  D,  yet  a  mutual  decQmposition 
may  take  place  between  the  two  compounds,  and  occasion  the  formatioa 
of  two  new  compounds  A  D  and  C  B.  The  6rst  and  second  modes  of 
attraction  are  styled  instances  of  simple  affinity,  or  simple  elective 
attraction ;  and  the  last  mode  is  styled  compound  affinity,  or  com- 
pound elective  attraction. 

7.  All  compounds,  when  they  enter  into  union  with  other  bodiea 
without  being  decomposed,  act  in  the  same  manner  as  simple  bodies. 
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Tkese  laws  of  Chemical  Attraction  may  be  exemplified  and  iUos- 
trated  in  the  following  manner : 

1.  The  first  of  these  laws  constitutes  the  foundation  of  the  whole 
science  of  Chemistry.  The  ensuing  examples  show  the  manner  in 
which.it  operates. 

If  thin  plates,  or  filings  of  copper,  be  mixed  with  Sulphuric  Acid 
(oil  of  yitriol),  on  the  application  of  heat  the  metal  will  be  dissolved. 
The  acid  thus  united  to  the  copper  wiU  form  a  salt,  called  Sulphate 
of  Copper  (blue  vitriol),  which  might  be  obtained  from  the  solution  by 
evaporation  and  crystallization.  If  to  this  solution  be  added  iron 
wire,  or  thin  plates  of  that  metal,  the  sulphuric  acid  will  leave  the 
copper,  and  combine  with  the  iron.  As  the  latter  dissolves,  the 
former,  separating  from  its  union  with  the  acid,  deposits  itself  on  the 
iron  plates,  so  that  they  become  covered  with  a  thin  film  of  copper, 
but  when  ihe  iron  is  all  dissolved,  the  copper  having  nothing  to  sup- 
port it,  will  fall  to  the  bottom  of  the  containing  vessel,  in  a  pul* 
verulent  form.  The  clear  liquor,  being  decanted,  will  therefore  be  a 
solution  of  Sulphate  of  Iron  (green  vitriol).  If  to  this  solution  filings 
or  fragments  of  zinc  be  added,  the  iron  will  separate  by  degrees  from 
the  liquid  and  fall  down,  as  the  copper  previously  did,  leaving  the 
zinc  in  solution,  formiug  with  the  acid,  Sulphate  of  Zinc  (white 
vitriol).  If  to  the  solution  of  Sulphate  of  Zinc,  be  added  Water  of 
Ammonia  (pure  volatile  alkali),  the  acid  will  quit  the  zinc  to  unite 
with  the  alkali,  the  metal  will  be  precipitated,  and  the  clear  liquor 
being  decanted,  will  be  a  solution  of  Sulphate  of  Ammouia.  Add  to 
this  liquor  quicklime,  which  substance  will  ccmibiue  with  the  acid, 
and  separate  it  from  the  ammonia,  but  the  new  compound  of  sulphuric 
acid  and  lime,  thus  formed,  will  not  remain  in  solution,  but  will  be  pre- 
cipitated, or  faU  down,  in  the  form  of  a  white  powder,  called  Sulphate 
of  Lime  (gypsum),  while  the  ammonia,  freed  from  the  acid,  remains 
dissolved  in  the  water,  from  which  it  may  be  expelled  by  heat,  in  the 
form  of  a  gas.  If  the  sulphate  of  lime  be  separated  from  the  solution 
by  filterinp^,  and  thrown  into  water  containing  Caustic  Potash,  a  new 
decomposition  will  take  place,  the  sulphuric  acid  leaving  the  lime,  and 
uniting  with  the  potash.  The  Sulphate  of  Potash  (vitriolated  tartar) 
thus  formed,  will  remain  in  solution  while  the  pure  lime  becomes  pre* 
cipitated  in  tlie  state  of  a  white  powder,  and  the  sulphate  of  potash 
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may  be  obtained,  in  a  orjstalline  form,  by  eraporating  the  clear  sola- 
tion,  after  pouring  it  from  the  lime. 

This  succession  of  decompositions  shows  that  iron  possesses  a 
stronger  attraction  for  sulphuric  add  than  copper,  sine  than  iron, 
ammonia  than  zinc,  lime  than  ammonia,  and  potash  than  lime.  Nu- 
merous experiments  of  a  similar  kind  might  be  adduced,  which  would 
equally  serre  to  show  the  relative  attractive  powers  of  various  sub- 
stances. It  appears  from  the  preceding  experiments,  that  the  decom- 
position of  a  substance  dissolved  in  a  liquid,  is  sometimes  acoom* 
panied  by  the  falling  down  of  the  newly  formed  substance,  and 
sometimes  by  that  of  the  body  separated  from  the  original  compound. 
In  this  case  the  body  added  to  produce  the  decomposition  is  called 
the  precipitant,  and  the  substaoce  thrown  down  the  precipitate ;  the 
process  itself  is  sometimes  termed  precipitation, 

2.  The  extreme  minuteness  of  the  elementary  molecules  of  bodies, 
from  the  union  of  which  chemical  compounds  are  formed,  appears 
from  the  entire  change  of  sensible  properties  resulting  from  such 
combinations.  For  as  already  stated,  the  human  eye,  assisted  by  the 
most  powerful  microscopes  which  hare  ever  been  constructed,  often 
cannot  detect  in  a  chemical  compound  the  slightest  restige  of  the 
colour  of  either  of  its  component  parts ;  but  when  substances  are  me- 
chanically mixed,  the  respective  colours  of  the  ingredieuts  of  the 
composition  may  sometimes  be  traced,  as  when  variously -tinted 
powders  are  triturated  together ;  or  if  the  mixture  is  more  complete, 
as  when  two  liquids,  for  instance,  ink  and  water,  are  shaken  together 
in  a  phial,  though  the  whole  mass  will  exhibit  a  uniform  appearance, 
it  will  be  merely  a  modification  of  colour,  arising  from  the  dilution  of 
the  ink  by  the  aqueous  fluid. 

Some  philosophers  have  ascribed  to  matter  the  property  of  infinite 
divisibilitv.  But  though  matter  may  be  conceived  to  be  indefinitely 
capable  of  being  divided,  and  though  it  may  even  be  proved  by  geo- 
metrical demonstration,  that  a  line  of  a  given  length  may  be  made  to 
undergo  unlimited  subdivision,  yet  there  is  reason  to  believe  that 
those  bodies  with  which  chemistry  is  conversant,  are  formed  of  indi- 
visible atoms.  Matter,  then,  or  rather  space,  is  metaphysically 
and  mathematically,  but  not  physicaUy,  capable  of  being  infinitely 
divided.     It  is  possible  to  conceive  that  a  cubic  inch  may  be  sepa- 
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ittted  into  10,000  smaller  cubes,  and  each  of  the  latter  into  as  many 
millions  of  millions  of  minuter  parts  of  a  similar  shape,  nor  can  there 
be  any  limit  to  such  subdivision,  which  must  be  as  extensive  as  the 
power  of  enumeration,  llie  mathematical  demonstration  of  the  infinite 
diyisibility  of  matter  is  founded  on  the  impossibility  of  conceiying 
aqj  limits  to  absolute  space.    Let  A  D  and  F  G,  in  th»  marginal 

figure,  be  two  lines  parallel  with  each  other,  and 
perpendicular  to  the  line  B  C ;  then  from  the 
points  H,  H^  H^^  W^^,  as  centres,  describe  aa 
many  arcs  of  circles,  cutting  the  lines  F  G, 
and  A  D ;  and  since  the  line  A  D  may  be 
imagined  to  be  as  extensive  as  space  itself,  it  is 
impossible  to  prescribe  bounds  to  the  number 
of  points  which  may  be  made  the  centres  of  cir- 
cular arcs,  and  as  the  number  of  arcs  is  bound- 
less, so  will  be  the  number  of  parts  into  which 
they  will  divide  the  line  F  G ;  for  the  arc,  how 
immense  soever  might  be  the  length  of  its  rsp 
dins,  could  not  possibly  become  coincident  with  the  right  line  B  C. 

These  observations  are  worthy  of  attention,  as  they  may  serve  to 
assist  us  in  forming  distinct  conceptions  concerning  the  wonderful 
minuteness  of  the  particles  of  matter,  considered  in  a  physical  point 
of  yiew.  Among  the  numerous  instances  that  might  be  produced  of 
the  minute  division  of  material  bodies,  may  be  mentioned  the  extreme 
diffusion  of  colouring  particles  through  a  transparent  fluid.  A  g^ain 
of  carmine  ruU>ed  down  with  a  little  water,  and  then  mixed  with  six 
quarts  more,  will  give  the  whole  liquid  a  pale  red  or  flesh  colour ;  and 
one  grain  of  blue  vitriol  (sulphate  of  copper),  will  communicate  a  fine 
asure  tint  to  five  gallons  of  water.  Boyle  says,  that  a  pair  of  Spanish 
glores,  which  had  been  scented  by  a  single  grain  of  musk,  retained 
ttieir  odour  for  twenty-nine  years.  The  same  philosopher  placed  a 
piece  of  amber  weighing  100  grains  in  the  scale  of  a  balance,  which 
turned  with  a  small  fraction  of  a  grain,  and  having  counterpoised  it, 
he  led  it  for  several  days,  at  the  end  of  which  time  it  had  lost  no  per- 
ceptible portion  of  its  weight,  though  it  had  been  continually  giving 
oflr  particles,  which  had  perfumed  the  surrounding  air,* 

«r  De  Mira  SubtlL  EiBuv.    Sigand  de  la  FOod.  El^m.  de  Pbys.,  1. 1.  pp.  150 
et  100. 
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Malleable  and  ductile  metals  are  capable  of  being  reduced  to  a  moAt 
extraordinary  degree  of  tenuity.  Gold,  after  being  submitted  to  tbe 
operations  of  tbe  goldbeater,  is  formed  into  leaves  3.3  incbes  square, 
eacb  weighing  ratber  less  tban  tbe  fifth  part  of  a  grain,  and  being  but  the 
f82,000tb  part  of  an  inch  in  thickness ;  and  a  particle  of  this  gold  leaf 
not  exceeding  the  500,000th  of  a  grain  will  be  distinctly  yisible  to  the 
naked  eye.*  Still  more  comminuted  doubtless  are  the  particles  of  gold 
left  in  the  abrasion  of  a  gold  pin  on  a  touchstone,  but  yet  perfectly  per- 
ceptible to  the  sight.  Bubbles  of  soap  and  water  consist  of  films  far 
more  attenuated  than  leaf  gold,  for  when  they  begin  to  reflect  colours, 
their  thickness  is  less  than  2,000,000ths  of  an  inch,  and  that  must 
be  much  beyond  the  diameter  of  the  atoms  of  water ;  for  the  film  con- 
tains soap  incorporated  with  the  water,  and  we  cannot  even  conjecture 
what  relation  the  dimensions  of  the  atoms  of  the  fluid  may  bear  to 
those  of  the  film  which  it  forms,  only  they  must  be  far  inferior.  Be- 
sides both  soap  and  water  are  compounds,  so  that  the  constituent  atoms 
of  those  substances,  as  of  the  oxygen  and  hydrogen  of  the  water,  must 
be  yet  more  reduced,  till  they  almost  surpass  the  power  of  imagination. 

The  vegetable  kingdom  presents  us  with  innumerable  instances,  not 
only  of  the  extraordinary  divisibility  of  matter,  but  of  its  activity,  in 
the  almost  incredibly  rapid  development  of  cellular  structure  in  certain 
plants.  Thus  the  novista  giganteum  (a  species  of  fungus),  has  been 
known  to  acquire  the  size  of  a  gourd  in  one  night.  Now  supposing* 
with  Professor  Lindley,  that  the  cellules  of  this  plant  are  not  less  than 
^  th  of  an  inch  in  diameter,  a  plant  of  the  above  size  will  contain  no 
less  than  47,000,000,000  cellules ;  so  that  supposing  it  to  have  grown 
in  the  course  of  twelve  hours,  its  cellules  must  have  been  developed 
at  the  rate  of  nearly  4,000,000,000  per  hour,  or  of  more  than 
66,000,000  in  a  minute ;  and  when  we  consider  that  every  one  of 
these  cellules  must  be  composed  of  innumerable  molecules,  each  one 
of  which  is  again  composed  of  others,  we  are  perfectly  overwhelmed 
with  the  minuteness  and  number  of  the  parts  employed  in  this  single 
production  of  nature.t 

The  animal  world  affords  examples  of  the  inoomprehensible  divisi- 

*  Leslie's  Elem.  of  Nat.  Philos.,  vol.  i.  p.  is. 

t  Dr.  Proat*B  Chemistry,  Meteorolognr,  and  the  Foncfion  of  Diipestion  con- 
sidered with  reference  to  Natural  Theology,  1834,  pp.  83,  S4  j  from  IJndley's 
Introduction  to  Botany. 
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bility  of  matter  not  less  wonderful.  Mr.  Harmer  by  conntinff  the 
number  of  ova  in  a  given  weight  of  the  spawn  of  different  fishes,  round 
that  a  single  flounder  contained  1,357,400 ;  and  a  cod-fish  no  less  than 
3,686,760  ova ;  all  of  which,  it  must  be  remembered,  were  org^ized 
bodies,  capable  of  development,  so  as  to  form  perfect  animals.*  But 
the  inAisory  animalcules  display,  in  their  structure  and  functions,  the 
most  transcendent  attenuation  of  matter.  The  Vibrio  undula,  found 
in  duckweed,  is  computed  to  be  ten  thousand  million  times  smaller 
than  a  hemp-seed.  Vibrio  Un$ola  occurs  in  vegetable  infusions,  every 
drop  containing  myriads  of  those  oblong  points.  The  Monas  gelati* 
nota,  discovered  in  ditch-water,  appears  in  the  field  of  a  microscope  a 
mere  atom  endued  with  life,  millions  of  them  plajring  like  the  sun* 
beams,  in  a  single  drop  of  liquid.t 

That  all  bodies  are  composed  of  atoms  or  ultimate  indivisible  par- 
ticles, may  be  inferred  from  the  observations  which  have  been  made 
on  the  height  of  the  atmosphere  above  the  surface  of  the  earth.  Dr. 
Wollaston  adduced  some  ingenious  arguments  in  proof  of  the  limited 
extent  of  the  aerial  medium  which  surrounds  the  globe,  as  resulting 
from  its  atomic  oonstitution.t  And  if  we  admit  that  such  is  the  nature 
of  the  air,  it  may  also  be  concluded  that  bodies  of  greater  density  con- 
sist in  the  same  manner  of  indivisible  molecules. 

The  instances  already  mentioned  of  the  extraordinary  minuteness  of 
particles  of  matter  relate  to  bodies  which  are  manifestly  compounds, 
and  the  magnitude  of  such  particles  must  therefore  be  far  superior  to 
that  of  the  ultimate  or  even  the  constituent  molecules  of  those  bodies. 
With  regard  to  the  bulk  or  weight  of  absolute  atoms,  or  ultimate  mole- 
cules of  matter,  we  can  form  no  conceptions  whatever,  and  their  nature 
and  properties  must  probably  remain  objects  of  conjecture  and  uncer« 
tainty ;  but  the  constituent  or  combining  molecules  of  different  Bub« 
stances  are  more  within  the  reach  of  experiment  and  observation,  and 
concerning  their  relative  magnitudes  or  proportional  weights  the  re- 
searches of  modem  philosophers  furnish  us  with  some  information. 
Dr.  Thomson  has  calculated  that  the  weight  of  a  constituent  molecule 
of  lead  does  not  exceed  sio,ooo.ooo.oooth  of  a  grain,  and  that  its  magni* 

*  Philosoph.  Transact.,  vol.  Ivii.  1767,  art  80. 

t  Leslie's  Nat.  Philoe.,  vol.  i.  p.  10. 

t  See  Book  of  Science,  part  i.  ist  edit.  p.  S09.  ad  edit.  p.  su. 
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fade  is  probably  much  less  tban  888,493.ooo.ooo,oootb  of  a  cubic  inch. 
The  combiniDg  molecules  of  sulphur  are  vastly  inferior  to  those  of 
lead,  each  being  computed  to  be  not  more  than  s,oi5,(ioo.ooo,oooth  of  a 
grain ;  and  the  molecules  of  some  other  bodies  are  undoubtedly  much 
more  diminutiv^e.* 

3.  The  change  of  temperature  that  results  from  chemical  combina- 
tion is  sometimes  very  considerable.  Thus  the  burning  of  charcoal 
is  a  combination  of  charcoal  or  carbon  with  the  oxygen  of  the  atmo- 
sphere, and  the  consequent  production  of  carbonic  acid.  Abundance 
of  heat  is  erolved  in  this  process,  which  has  been  supposed  to  be  de« 
rived  from  the  oxygen  gas  consumed.  Much  heat  is  also  given  out 
when  nitrons  acid  or  aqua  fortis  is  mixed  with  oil  of  amber ;  those 
fluids  uniting  to  form  a  resinous  substance,  which  from  its  peculiar 
odour  has  obtained  the  name  of  artificial  musk.  The  elevation  or 
depression  of  temperature  which  accompanies  the  formatiotf  of  che- 
mical compounds  has  given  rise  to  various  hypotheses,  among  which 
the  most  plausible,  perhaps,  is  that  which  deduces  the  heat  or  cold 
manifested  in  such  cases  from  the  change  of  state  in  the  elements  of 
the  combining  bodies,  or  the  relation  of  their  respective  capacities  for 
heat  with  that  of  the  compound.  Thus  it  has  been  imagined,  that 
when  the  specific  heat  of  a  compound  is  less  than  that  of  the  bodies 
from  whose  union  it  is  formed,  the  superabundant  heat  will  be  given 
out  and  become  sensible ;  and  if  the  specific  heat  of  the  compound  be 
greater  than  that  of  its  component  parts,  it  must  absorb  heat  from  sur- 
rounding bodies,  and  thus  occasion  a  sensible  depression  of  tempera- 
ture. But  this  view  of  the  cause  of  the  changes  of  temperature  that 
take  place  is  hardly  consistent  with  the  conclusions  derived  from  the 
latest  researches  of  philosophers  concerning  the  specific  hoHt  of  dif- 
ferent bodies,  and  especially  of  gases ;  and  the  relation  of  chemical 
attraction  to  heat  is  a  subject  which  still  remains  open  for  future 
investigation. 

A  few  observations  may,  however,  be  added  concerning  two  im- 
portant topics  connected  with  this  law  of  chemical  affinity,  namely, 
Combastion,  and  the  Solution  of  Solids  in  Liquids. 

The  term  Combustion  has  been  variously  applied  by  different 
writers ;  some  extending  it  to  all  cases  of  violent  chemical  action,  ae- 

*  Ttiomson's  Principles  of  Inorganic  Chemistrf,  vd.  1.  p.  7. 


COMBUSTION.  29 

companied  by  the  evolution  of  light  and  heat;  and  others  leetricting 
it  to  certain  processes  in  which  combustible  bodies  more  or  lesa 
rapidly  combine  with  oxygen,  with  the  extrication  of  light  and  heat, 
as  in  the  burning  of  charcoal,  noticed  above.  Lavoisier,  who  was  the 
first  in  modern  times  that  clearly  ascertained  the  influence  of  atmo- 
spheric air  on  chemical  operations,  and  showed  that  the  changes  which 
liodies  undergo  frequently  depend  on  the  absorption  of  oxygen,  was 
led  to  conclude  that  all  simple  substances  might  be  arranged  in  two 
classes ;  the  first  comprising  oxygen  only,  which  he  characterized  as  a 
supporter  of  combustion ;  and  the  second,  consisting  of  combustible 
bodies,  including  the  metals.  Hence  he  further  inferred,  that  oxygen 
gas  consisted  of  a  ponderable  basis,  combined  with  light  and  heat; 
which  were  given  out  in  the  form  of  flame  during  combustion  or  the 
union  of  combustible  bodies,  as  carbon,  sulphur,  phosphorus,  oil,  and 
alcohol,  with  the  basis  of  oxygen  gas.  But  this  theory,  though  to  a 
certain  extent  it  may  be  admitted,  is  by  no  means  applicable  to  all 
cases  of  combustion  in  which  oxygen  gas  or  atmospheric  air  is  present, 
and  it  is  necessarily  incapable  of  afibrding  an  explanation  of  those  in- 
stances of  the  evolution  of  light  and  heat  consequent  on  the  sudden 
onion  of  bodies  which  contain  no  oxygen  whatever.  Thus  if  equal 
volumes  of  chlorine  gas  and  hydrogen  gas  be  introduced  into  a  glass 
jar,  and  exposed  to  the  direct  rays  of  the  sun,  they  rapidly  combine, 
widi  explosion,  or  the  display  ox  abundance  of  light  and  heat.  Phos* 
phorus  bums  with  a  pale  yellow  flame,  when  heated  in  chlorine  gas ; 
and  when  phosphorus  is  introduced  into  an  exhausted  vessel  with 
iodine,  a  violent  action  takes  place,  and  much  heat  is  extricated,  but 
without  light.  If  sulphur  and  filings  of  copper  be  heated  together, 
when  the  mixture  has  acquired  a  temperature  much  below  a  red  heat* 
it  suddenly  becomes  red-hot,  and  the  compound  called  sulphuret  of 
copper  is  formed.  Many  other  examples  might  be  adduced  of  the 
production  of  heat  either  alone  or  accompanied  by  light,  during  che- 
mical combinations,  in  which  oxygen  is  not  at  all  concerned.  Unless, 
therefore,  the  term  Combustion  be  exclusively  appropriated  to  the  pro* 
cess  of  burning  combustibles  in  atmospheric  air  or  some  other  aerial 
medium  in  which  oxygen  is  contained,  the  phenomena  with  which  the 
process  is  accompanied  caonot  possibly  be  said  to  be  caused  by  the 
pondenaation  of  oxygen  gas ;  and  in  the  present  state  of  our  know- 
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ledge,  any  attempt  to  derelope  their  source  may  be  considered  as 
somewhat  premature. 

CombastioDi  as  depending  on  the  union  of  oxygen  with  a  com* 
bustible  body,  sometimes  takes  place  under  singular  circumstances, 
and  gives  rise  to  extraordinary  appearances.  The  temperatures  at 
which  different  combustibles  combine  with  oxygen  vary  extremely. 
Potassium,  or  the  metallic  body  which  in  comoination  with  oxygen 
forms  potash  or  fixed  vegetable  alkali,  most  powerfully  attracts  oxy- 
gen, tarnishing  when  exposed  to  the  air  at  a  very  low  temperature, 
and  becoming  inflamed  when  thrown  into  cold  water,  potash  being 
formed  in  either  case.  Phosphorus,  when  quite  dry,  takes'  fire  i& 
atmospheric  air,  at  about  100^  of  Fahrenheit  Sulphur  bums  in  com- 
mon air  at  from  180^  to  190^,  but  with  a  faint  blue  flame,  the  heat  of 
which  is  very  inconsiderable ;  but  if  its  temperature  be  raised  to  300^, 
the  combustion  proceeds  more  rapidly.  Carbon,  in  the  state  of  com- 
mon charcoal,  demands  a  higher  temperature  for  its  combustion  than 
the  substances  already  mentioned  ;  and  in  its  crystallized  form,  in  the 
diamond,  it  requires  an  intense  heat,  as  the  flame  of  an  oxy-hydrogen 
blowpipe,  to  set  it  on  fire.  When  highly  comminuted,  however,  char- 
coal, and  especially  some  varieties  of  it,  attract  oxygen,  exhibiting  the 
phenomena  of  combustion  at  relatively  low  temperatures ;  and  hence,  in 
certain  cases,  what  is  termed  spontaneous  inflammation  has  taken  place. 
Colonel  Aubert,  an  artillery  officer,  in  consequence  of  repeated  instances 
of  the  spontaneous  combustion  of  powdered  charcoal  which  had  occurred 
in  France,  made  some  interesting  experiments  on  the  subject.  He  found 
that  charcoal  triturated  in  mortars  with  bronze  pestles,  till  it  is  reduced 
to  the  finest  powder,  has  the  appearance  of  an  oily  fluid,  and  occupies 
only  one-third  of  the  space  which  it  takes  up  when  in  the  form  of  rods 
about  six  inches  in  length.  In  this  state  of  extreme  division  it  ab- 
sorbs air  much  more  readily  than  before ;  but  the  absorption  proceeds 
slowly,  requiring  several  days  for  its  completion,  and  it  is  accom* 
panied  by  the  evolution  of  heat  sufficient  to  raise  the  thermometer  to 
about  360®  of  Fahrenheit,  and  thus  inflammation  is  occasioned.  The 
process  commences  near  the  centre  of  the  mass,  about  five  or  six  inches 
from  its  surface,  at  which  spot  the  temperature  is  always  higher  thin 
at  any  other.  Black  charcoal,  strongly  distilled,  is  more  readily  ia- 
flammable  than  lighter  yarieties.    Masses  of  this  kind  of  charooal* 
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less  than  66  pounds  aroirdupois,  do  not  inflame  spontaneooslj ;  and 
the  other  kinds  inflame  only  when  in  larger  masses.  The  free  ad- 
mission of  air  to  the  surface  is  indispensably  requisite  to  produce 
spontaneous  combustion.  When  sulphur  and  nitre  are  added  to  the 
pulverized  charcoal,  the  inflammation  does  not  take  place  as  usual; 
but  there  is  still  some  absorption  of  air,  and  augmentation  of  tempera- 
ture ;  therefore  it  would  be  dangerous  to  leave  large  quantities  of  such 
mixtures  long  exposed  to  the  air.* 

The  spontaneous  combustion  of  substances  containing  carbon,  from 
the  absorption  of  air  and  moisture  is  a  phenomenon  of  so  frequent  oc- 
currence that  few  persons  can  be  ignorant  of  it,  though  those  who  are 
unacquainted  with  chemistry  must  be  at  a  loss  to  account  for  it. 
Ricks  of  hay  and  stacks  of  corn  thus  occasionally  take  fire,  and  are 
consumed ;  and  repeated  narratires  hare  been  published  of  the  de- 
struction of  packages  of  coffee,  bales  of  cotton  and  other  articles,  in 
consequence  of  spontaneous  inflammation.  Much  appears  to  depend 
in  these  cases  on  the  presence  of  water ;  for  hay-ricks  take  fire  only 
when  the  hay  is  put  together  before  it  is  properly  dried,  or  in  conse- 
quence of  its  not  being  well  secured  from  the  rain.  An  instance  of 
ue  spontaneous  combustion  of  a  quantity  of  oatmeal,  which  had  been 
left  in  the  house  of  a  gentleman  at  Glasgow,  during  the  absence  of  his 
fionily  from  home  from  May  till  the  end  of  August,  in  1820,  is  men- 
tioned in  Dr.  Thomson's  "  Annals  of  Philosophy ;"  and  the  accident 
is  justly  attrihuted  to  the  avidity  with  which  oatmeal  attracts  mois- 
ture, a  property  that  induced  Professor  Leslie  to  employ  it  instead  of 
sulphuric  acid,  in  his  ingenious  process  for  the  production  of  ice  under 
the  exhausted  receiver  of  an  air-pump,  t 

Spontaneous  combustion  sometimes  takes  place  very  suddenly.  Dr. 
Baohe,  of  Philadelphia,  discovered  that  carbon  in  the  state  of  lamp- 
black, or  the  soot  of  animal  oil,  causes  the  inflammation  of  a  stick  of 
phosphorus  powdered  with  it,  at  the  temperature  of  60^  of  Fahrenheit, 
either  in  the  open  air,  or  in  a  close  receiver  of  a  moderate  siae.^ 

Professor  Dobereiner,  of  Jena,  discovered  a  curious  phenomenon  of 

*  See  Ann.  de  Chim. }  and  Edinb.  Joum.  of  Science,  N.  S.  No.  8. 
t  See  Joum.  of  Science,  ed.  at  R.  I.,  voL  x.  p.  4M ;  and  Ann.  of  FhUos., 
TOl.  zvi.  p.  990. 
t  SUUman's  Joum.  of  Sdcncc. 
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in  analogous  natnte  rdatire  to  spontaneous  combustion  in  1823.  H# 
found  that  platina,  in  the  state  of  very  fine  wire,  thin  leaves,  powder, 
or  in  the  spongy  form,  at  the  conunon  temperature  of  the  air,  if 
plunged  into  a  mixture  of  hydrogen  gas  and  atmospheric  air,  would 
almost  instantly  take  fire.  The  platina  becomes  heated,  presently  red- 
hot,  then  it  attains  a  white  heat,  and  immediately  the  hydrogen  in- 
flames, and  the  combustion  continues  as  long  as  any  portion  of  the 
combustible  elements  remains.  Brewster  says,  "  In  this  case  the 
minutely-dirided  platina  acted-  upon  the  hydrogen  gas  in  the  same 
manner  as  the  mmutely-divided  charcoal  acted  upon  common  air. 
Heat  and  combustion  were  produced  by  the  absorption  of  both  gases, 
though  in  the  one  case  the  effect  was  instantaneous,  and  in  the  other 
was  the  result  of  a  prolonged  absorption."* 

This  property  of  spongy  platina  has  been  happily  applied  to  a  pur- 
pose  of  much  practical  utility,  by  M.  Gay  Lussac,  in  the  contriranoe 
of  a  lamp  for  the  production  of  instantaneous  light.  Improvements  ex 
modifications  of  this  instrument  have  been  made  by  Mr.  Garden  and 
others ;  but  the  principle  on  which  the  apparatus  is  constracted  is  the 
same  in  all,  and  they  consist  of  arrangements  for  the  regulated  pro* 
duotion  of  hydrogen  gas,  from  the  solution  of  zinc  or  iron  in  diluted 
sulphuric  acid,  and  by  opening  a  stop-cock  throwing  a  current  of  the 
gas  on  a  mass  of  spongy  platina,  which  becoming  red-hot,  the  hydfo* 
gen  inflames,  and  affords  the  means  for  lighting  a  taper. 

Numerous  experiments  were  made  bv  MM.  Dulong  and  Thenard. 
with  a  view  to  elucidate  the  cause  of  tue  inflammation  produced  br 
the  contact  of  finely-divided  platina  with  hydrogen  gas.  From  their 
researches  it  appeared — 1.  That  palladium,  rhodium,  and  iridium, 
Jtave  the  same  effect  on  the  gas  with  platina;  2.  That  osmium  in  like 
manner  produces  inflammation,  but  requires  a  temperature  of  45^  cen* 
tigrade,  uid  gold  inflamea  at  120^ ;  3.  That  charcoal,  glass,  pumice- 
stone,  and  porcelain,  have  similar  effects,  but  at  temperatures  near 
850** ;  4.  That  all  these  bodies  lose  the  property  in  question  by  long 
exposure  to  the  air,  but  they  recover  it  on  being  calcined.t 

Among  the  various  causes  of  spontaneous  combustion  that  might  be 
mentioned,  there  is  none  more  interesting  or  curious  than  that  of  the 

*  Sir  D.  Brewster's  Natural  Magic,  p.  318. 
t  Pouillet  El^m.  de  Fhys.,  vol.  1.  pp.  426, 4l8. 
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knman  bodj,  maiijr  instances  of  wbich  are  upon  record.  But  die  sub- 
ject will  again  be  noticed,  in  treating  of  the  effect  of  electricity  on 
chemical  attraction,  and  therefore  need  not  be  introduced  here. 

Elevation  of  temperature  generallj  promotes  the  chemical  action  of 
bodies.  Its  inflaence  in  many  cases  appears  to  depend  on  the  diminu<- 
tion  of  cohesion,  or  the  separation  of  the  particles  of  matter  by  heat, 
as  when  expansion  or  liquefaction  takes  place.  But  its  effects  are 
sometimes  more  complicated  and  obscure ;  and  the  phenomena  indicate 
an  obvious  correspondence  between  heat  and  electricity  or  galvanism. 
A  remarkable  instance  of  the  influence  of  heat,  in  conjunction  with 
light  on  the  chemical  union  of  bodies,  may  be  pointed  out  in  the  pro- 
duction of  muriatic  acid  from  the  mixture  of  chlorine  and  hydrogen 
g^ases,  noticed  above.  When  the  proper  Quantities  of  these  gases 
required  to  form  the  compound  are  minglea  in  a  glass  jar,  so  long 
as  light  and  heat  are  excluded,  no  combination  takes  place,  but  if  the 
mixture  be  exposed  to  the  direct  rays  of  the  sun,  detonation  ensues, 
and  muriatic  acid  gas  is  formed ;  and  the  same  effect  is  produced  by 
introducing  into  the  jar  alighted  taper,  or  passing  through  its  contents 
an  electric  spark. 

It  must  be  observed  that  though  elevation  of  temperature  to  a  cer- 
tain extent  may  facilitate  the  chemical  union  of  bodies,  the  effect  will 
depend,  in  any  given  case,  on  the  adaptation  of  the  degree  of  beat  to 
the  particular  process.  Thus  mercury  exposed  to  the  contact  of 
atmospheric  air  at  the  temperature  of  nearly  680**  Fahrenheit,  in  a 
proper  vessel,  combines  with  oxygen  to  form  the  red  oxide  of  mercury, 
which  substance,  when  exposed  to  a  red  beat,  980®,  becomes  decom- 
posed, returning  to  the  state  of  metallic  mercuiy  and  oxygen  gas. 

Temperature  has  generally  a  great  influence  on  the  solvent  power  of 
water,  and  also  on  that  or  other  liquids.  Hot  water  is  capable  of 
holding  in  solution  larger  quantities  of  most  substances  than  cold 
water :  thus,  saltpetre,  or  nitrate  of  potash,  and  chlorate  of  potash,  are 
much  more  readily  soluble  in  water  at  a  high  than  at  a  low  tempera- 
ture ;  and  with  regard  to  many  other  saline  bodies  the  dissolving 
e^wer  of  the  liquid  is  increased  by  augmentation  of  temperature, 
ut  this  is  by  no  means  always  the  case.  Water  cooled  to  near  the 
freezing  point,  will  take  up  almost  double  the  quantity  of  caustic  lime 
that  can  be  held  in  solution  by  boiling  water.  Glauber  salt,  or 
sulphate  of  sodfti  is  most  readily  soluble  in  water  at  about  92*>  Fahren- 
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heit  (93"  eiiDt.),  tlwulMot  power  of  mtor  whIirMpeettolbM  mK 
iMrming  with  the  ■KgnvDUtioD  of  he>t  op  to  tbM  pwat.  aftM  iriiioh 
it  dimiaiilna  to  3)  5°,  at  wbiah  tenperatore  ueirly  A»  wse  rdttirs 
qoantitj  of  the  aalt  will  be  token  up  m  at  ST^.  SaUniate  of  aoda 
ill — u-  i.  ™».a  atduble  at  9S"  (33*  Cant.)  dno  K  a  hi;^  ot  lowr 
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Cid.  B.  Chloride  ot  BuTum  (uihyilioa 
Ch.lhB.  ChkiriitT  of  Potaaalum. 


Tbe  relHtioQ  Ijetweeo  t«mperatare  Bod  aolubilitj  will  be  moal  di». 
tinctly  perceived  from  the  inapaction  of  the  precedJag  table,  Tbe 
Tettiul  line  of  flg:ute«  indicatet  tlie  TeapactiTS  purtioai  of  leraral 
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8t]lK»  taken  up  by  100  parts  of  watory-and  the  hoiizoiital  line  of  figures 
^notes  the  tempeiatares  at  wldch  these  solutions  take  place.  The 
line  whieh  is  marked  Chi.  S.,  shows  the  solubility  of  Chloride  of 
Sodium  (common  salt),  and  it  cuts  the  perpendicular  lines  all  at 
tiie  same  height.  No.  37,  which  indicates  thAt  100  parts  of  water  will 
at  all  temperatures  dissolye  57  parts  of  common  salt.  The  line 
marked  Chi.  B.,  anhydrous  chloride  of  bar3rum,cnt8  the  perpendicular 
line  marked  0^  at  No.  31,  that  which  is  marked  55^  at  No.  43,  and 
^at  marked  110<^  at  No.  61 :  hence  it  must  be  understood  that  100 
parts  of  water  will  take  up  31  parts  of  anhydrous  chloride  of  baryum 
at  zero,  45  parte  at  55'',  and  61  parte  at  110«.  The  line  marked  S.  S., 
sulphate  of  soda,  rises  to  33^,  and  then  descends,  denoting  the  sulphate 
to  be  most  soluble  at  that  temperature,  as  shore  steted.  The  manner 
In  which  the  Tsrious  influence  of  temperature  on  other  salte  is  ex- 
hibited in  this  table,  will  be  sufficiently  obTious  firom  the  preceding 
examples.* 

4i  The  influence  of  electricity  on  chemical  processes,  attracted  die 
attention  of  philosophers  befwe  the  middle  of  the  last  century, 
when  it  was  ascertained  that  ether  might  be  fired  by  the  electric 
spark ;  and  tiie  deflagration  of  spirit  of  wine,  fulminating  gold,  and 
some  other  inflammable  bodies,  was  soon  after  effiscted  by  the  same 
means.  More  recent  researches  evinced  the  possibility  of  producing 
the  combustbn  of  iron  wire  by  exposing  it  to  the  shock  of  an  electric 
battery.  The  metal  is  thus  oxidated  in  the  same  manner  as  by  the  vio- 
lent motion  caused  by  striking  fire  with  a  flint  and  steel.  Other 
Betels,  as  well  as  iron,  may  be  made  to  undergo  combustion,  by 
exposing  them  to  the  charge  of  a  battery  of  electric  jars.  A  fine  gold 
wire  may  thus  be  burnt,  yielding  a  bluish-white  flame,  and  the  product 
will  be  a  protoxide  of  gold,  in  the  stete  of  an  impalpable  purple 
powder.  Silver  wire  may  in  the  same  manner  be  made  to  bum  with 
n  green  fUune ;  and  corresponding  phenomena  take  place  with  the 
other  metals.  The  efEsct  ot  the  electricity  of  excited  jars  on  the  com- 
bination of  gases,  was  the  subject  of  experimente  by  Mr.  Warltire, 
Dr.  Priestley,  and  Mr.  Cavendish ;  and  tbo  latter,  about  1776,  thus 

*  Tbis  table  is  taken  flrom  Mitscherlich's  Introduction  to  Chemistry  (Germ.)t 
Berlin,  1889,  8vo,  vol.  i.  p.  887.  The  temperatures  are  yiven  acoarding  to  the 
scale  of  the  centigrade  thsnnoineter. 
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produced  water*  by  firing  a  mixture  of  hydrogen  gas  and  atmospheiie! 
air;  and  he  also  obtained  nitric  acid,  by  employing  electricity  to* 
determine  the  combination  of  oxygen  and  nitrogen.  In  1781,  La- 
voisier and  Laplace  made  important  experiments  on  the  development 
of  electricity  in  the  evaporation  of  liquids,  and  the  solution  of  solids^ 
as  when  metals  are  dissolved  in  diluted  acids ;  and  from  the  later  re* 
searches  of  Beoquerel,  at  Paris,  it  may  be  concluded  that  electricity 
is  evolved  in  all  cases  of  chemical  solution. 

The  relation  between  electrical  and  chemical  attraction  has  been 
confirmed  by  the  discovery  of  Galvanic  or  V^oltaic  electricity,  the 
effects  of  which  manifestly  depend  on  the  same  peculiar  energy  that 
gives  rise  to  the  phenomena  of  the  Leyden  phial.  It  has  been  ascer* 
tained  that  chemical  decompositioos  and  combinations  can  be  accom-^ 
plished  more  easily  and  readily  by  means  of  the  Voltaic  pile  or  bat- 
tery, than  by  the  aid  of  an  electrical  machine  and  the  apparatus 
belonging  to  it. 

Some  notice  has  been  taken  of  the  chemical  power  of  the  Voltaic 
battery  in  the  preceding  volume  of  this  work,  to  which  the  reader  is- 
referred  for  an  account  of  the  construction  of  Galvanic  or  Voltaic 
troughs,  for  the  reception  of  zinc  and  copper  plates  with  an  interposed 
fluid,  which  may  be  used  for  the  productiou  of  various  chemical  phe* 
Bomena  *  With  such  a  Voltaic  battery,  water  and  other  chemical 
compounds  in  a  fluid  state  may  be  decomposed,  merely  by  dipping  the 
extremities  of  two  wires  communicating  with  the  opposite  poles  of  the 
battery  beneath  the  surface  of  the  mass  of  fluid,  and  thus  causing  the. 
latter  to  form  part  of  a  Voltaic  circle.  The  decomposition  of  a  saline 
substance,  as  sulphate  of  soda,  may  be  thus  effected,  by  using  a  glass* 
tube  bent  so  that  the  angular  part  may  fit  into  a  common  wineglass, 
which  will  serve  to  support  it.  Then  into  the  open  ends  of  the  tuber 
insert  two  wires  or  strips  of  platina  foil,  which  may  reach  nearly  to 
the  angle,  but  must  not  come  in  contact ;  fill  the  tube  with  a  aolutioiL 
of  the  sulphate,  and  connect  one  of  the  wires  with  the  zinc  or  negative- 
pole,  and  the  other  with  the  copper  or  positive  pole,  of  a  Voltaic  bat> 
tery,  and  the  salt  will  be  decomposed,  the  alkali  or  soda  collecting  io. 
the  leg  of  the  inverted  siphon  or  tube  in  connexion  with  the  negative 


*  See  Book  of  Science,  pt.  1.  pp.  460,  451, 4M ;  Sd  edit.  pp.  46s,  400, 471. 
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p6le,  and  die  Bulphurio  acid  in  the  part  of  the  tube  connected  with  the 
positire  pole. 

.  In  all  cases  of  decomposition  by  means  of  electricity,  whether  de* 
rired  from  the  friction  of  glass,  as  bj  the  common  machine,  or  from 
the  contact  of  perfect  and  imperfect  conductors,  as  in  the  Voltaic  bat- 
tery, it  will  be  found  that  one  of  the  constituent  elements. of  the  body 
underooing  decomposition  will  be  erolred  at  the  negative  pole,  and 
the  other  at  the  positive.  Hence  it  must  be  concluded,  that  the  bodies 
thus  separating  must,  with  respect  to  each  other,  be  actuated  by  op- 
posite kinds  of  electricity;  and  the  observation  of  this  phenomenon 
has  led  to  an  arrangement  of  bodies  in  two  classes,  namely,  electro- 
negative and  electro-positive  substances:  all  those  kinds  of  matter 
which  are  attracted  by  the  positive  pole  of  a  Galvanic  battery  being 
included  in  the  former  class,,  and  all  those  attracted  by  the  negative 
pole  in  the  latter  class.  From  the  application  of  this  principle  to  the 
flimple  or  elementary  bodies  it  wUl  follow  that  oxygen,  chlorine, 
iodine,  bromine,  and  fluorine,  are  electro-negative  bodies ;  and  hydro- 
gen, nitrogen,  carbon,  boron,  silicon,  phosphorus,  sulphur,  selenium, 
and  the  metals,  are  all  electro-positive  bodies.  Thus  it  will  be  found 
that  when  any  compound,  formed  by  the  union  of  either  of  the  five 
electro-negative  elements  with  any  one  of  the  electro-positive  class,  is 
submitted  to  the  action  of  a  Voltaic  battery,  the  separation  of  its  con- 
stituent principles  will  be  effected  in  such  a  manner  that  the  electro- 
negative matter  may  be  evolved  at  the  wire  communicating  with  the 
positive  pole  of  the  battery,  and  the  electro-positive  matter  at  the 
negative  wire.  If,  however,  the  wire  be  formed  of  a  metal  capable  of 
combining  with  the  evolved  element,  the  latter,  instead  of  appearing 
in  a  separate  form,  will  unite  with  the  metaUio  wire,  forming  a  new 
compound.  Such  an  arrangement  takes  place  when  water  is  decom- 
posed by  a  Voltaic  battery,  with  iron  wires  passing  from  its  opposite 
poles ;  for  if  the  ends  of  the  wires  be  dipped  into  a  glass  of  water,  the 
positive  wire  or  that  at  which  the  oxygen  ought  to  be  given  off  will 
become  oxidated,  and  the  hydrogen  or  electro-positive  element  will 
appear  in  the  gaseous  state  at  the  negative  wire ;  so  that  if  a  tube, 
closed  at  one  end  and  filled  with  water,  be  inverted  over  the  extremity 
of  that  wire,  the  hydrogen  gas  may  be  collected  in  it. 

But  diough  the  distinction  between  the  electro-negative  and  the 
eleetro-positive  bodies  it  sufficiently  obvious  in  the  decomposition  of 
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compounds  of  two  bodies  of  the  opposite  classes*  yet  it  reqtriies 
fication  when  applied  to  compounds  resulting  from  the  union  of  two 
electro-negative  or  two  electDo^positive  bodies  respeetivelr.  Oxygen, 
when  separated  from  its  cominnations  with  other  simpje  bodies  by 
electricity)  is  always  evolved  st  the  positive  pole ;  and  it  may  theve* 
fore  be  concluded  that  it  is  the  most  electro-negative  of  all  known 
substances.  It  forms  componnds  with  chlorine  and  the  other  electro- 
negative  elements,  constituting  die  chloric,  iodic,  and  bromic  acids ; 
and  when  these  are  decomposed  by  the  Voltaic  battery,  the  oxygen  is 
evolved  at  the  positive  pole,  and  the  chlorine,  iodine,  or  bromine,  at 
the  negative  pole.  In  the  same  manner  the  electro-positive  elements 
enter  into  union  with  each  other,  forming  componnds  which,  when 
electrically  decomposed,  manifestly  indicate  gradations  of  elsetrie 
energy  among  them.  Sulphur,  which,  with  respect  to  oxygen,  chlo* 
rine,  iodine,  and  bromine,  and  probably  some  other  simple  bodies,  is 
electro-positive,,  becomes  electro-negative  when  combined  with  hydro* 
gen ;  for  when  a  compound  of  sulphur  and  hydrogen  is  decomposed  by 
Voltaic  electricity,  the  sulphur  appem  at  me  positive  pole,  end  tho 
hydrogen  at  die  negative.  The  snlphurets  of  carbon,  phosphorus,  and 
many,  if  not  all  the  metals,  exhibit  similar  phenomena.  Hence  it 
appears,  that  sulphur  is  only  relatively  electro-positive,  as  in  its  com* 
iMnations  with  oxygen,  while  it  becomes  electro-negative  by  being 
united  to  hydrogen,  carbon,  phosphorus,  and  the  metals.*  Expeii* 
ments  are  wanting  to  enable  us  to  ascertain  bow  for-  the  electricity  of 
all  bodies  is  merely  relative,  or  whether  the  disposition  of  bodies  to 
be  attracted  by  the  positive  pole  of  a  Voltaic  pile  or  battery,  whidb 
seems  to  exist  in  the  strongest  degree  in  oxygen,  descends  by  n 
regular  gradadon  throughout  the  catalogue  of  simple  substances.  Wo 
may  remark,  however,  that  while  those  which  have  been  designated 
electro-negative  bodies  display  the  highest  electro*  chemical  energTt 
or  tendency  to  be  attracted  from  their  eompounds  by  the  positively 
electrified  wire,  hydrogen  and  some  of  the  metals  seem  to  have  in  an 
extreme  degree  tne  contrary  disposition  to  be  attracted  by  the  negatiTo 
wire. 

*  For  some  Interesting  and  enrioui  observations  on  tbe  dcctrcchemtcal 
proporties  of  sulphur,  see  "  Report  on  the  Eecent  Progress  and  Present  State 
of  Chemical  Science.  By  James  P.  W.  Johnston,  A.  M.**  Reports  of  tke 
British  Association  for  the  Advancement  of  Science,  IBSS,  pp.  44e— i4S. 
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Hm  infloenee  of  eleotrie  attraction  on  the  chemical  ai&xutiei  of 
bodies  is  especially  observable  in  the  combination  of  metalg  with  ox^ 
gen,  and  in  the  decomposition  of  metallio  salts.  Pure  potash  or 
▼egetable  alkali  ig  a  compound  of  oxygen  with  the  metal  called  potas- 
sium ;  and  the  aflinity  between  those  bodies  is  so  strong,  that  chemists 
were  long  baffled  in  their  attempts  to  effect  their  decomposition.  At 
length  Sir  H.  Davy  succeeded,  by  exposing  moistened  potash  to  tbe 
action  of  a  Voltaic  battery ;  thus  augmenting  the  respective  electro- 
chemical energies  of  the  oxygen  and  the  metal,  they  were  severally 
attracted  by  tibe  wires  connected  with  the  opposite  poles,  and  the 
former  was  evolved  at  the  positive,  while  the  latter  (the  metallic 
potassium)  made  its  appearance  at  the  negative  pole. 

Some  other  curious  and  interesting  phenomena,  relating  to  the  affi- 
nities between  metals  and  acids  may  here  be  noticed,  as  tending  to 
illustrate  the  influence  of  electricity  on  the  chemical  union  of  bodies. 
Metals  may  be  immersed  in  liquid  acids,  which  under  common  cir« 
cmnstances  reduce  them  to  the  state  of  oxides,  but  the  action  of  such 
acids  may  be  suspended  by  rendering  the  metal  electro-negative,  or 
placing  It  in  communication  with  the  negative  pole  of  a  Voltaic  bat- 
tery. If  two  polished  plates  of  iron  or  copper  be  plunged  in  diluted 
su^huric  acid,  one  of  the  plates  of  either  metal  having  been  previously 
connected  with  the  positive  wire  of  a  Voltaic  battery,  and  the  other 
plate  4^  the  metal  connected  with  the  negative  wire,  it  will  presently 
06  perceived  that  the  plate  rendered  positive  will  become  tarnished 
ana  corroded  by  the  action  of  the  acid,  while  it  will  take  no  effect  on 
the  negative  plate,  which  will  remain  as  bright  as  before  immersion. 
Silver  unprotected  is  readily  acted  on  by  diluted  nitric  acid,  which 
dissolves  the  metal  placed  m  contact  with  it,  just  as  sulphuric  acid 
dissolves  iron ;  but  if  the  silver  be  rendered  electro-negative,  it  is 
enabled  to  resist  the  power  of  the  acid,  even  when  long  immersed 
in  it. 

As  electricity  is  evolved  by  the  contact  of  different  metals  with 
water  and  other  fluids,  hence  it  sometimes  happens  that  two  metals 
connected  together  and  plunged  in  an  acid  or  saline  liquid,  may  form 
•  kind  of  miniature  Voltaic  apparatus,  and  the  common  effect  of  the 
menstruum  is  augmented  with  respect  to  one  of  the  metals,  and  con- 
trolled or  suspended  with  respect  to  the  other.  Let  a  smaU  piece  of 
sheet  copper  be  dropped  into  a  tumbler-glass,  containing  two  drams 
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'  of  nitric  acid  diluted  with  ten  drams  of  water,  and  in  a  short  time 

enough  of  the  metal  will  be  dissolved  te  give  a  bluish  tint  to  the 

-liquid :  the  addition  of  a  few  drops  of  liquor  of  ammonia  will  increase 

considerably  the  depth  of  the  colour,  and  render  it  more  perceptible. 

.  Now,  if  a  plate  of  copper  united  to  one  of  zinc  be  immersed  in  an 

acid  mixture  of  the  same  kind,  it  will  not  act  at  all  on  the  copper,  but 

will  more  rapidly  dissolve  the  adnc  than  if  that  metal  were  plunged  in 

-it  alone.    That  the  copper  in  this  case  is  protected  by  the  zinc  from 

-the  action  of  the  acid  menstruum,  will  appear  on  dropping  into  it 

liquor  of  ammonia,  as  before ;  for  it  will  now  produce  no  efieot,  since 

•though  that  alkali  communicates  a  blue  or  purple  colour  to  solutions 

of  copper,  no  such  change  takes  place  on  adding  it  to  those  of  zinc» 

-Iron  may  thus  be  shielded  from  Uie  dissolving  power  of  acids,  as  will 

•appear  by  immersing  a  polished  plate  of  that  metal,  with  one  of  tint 

attached  to  it,  in  any  weak  acid,  as  the  muriatic  (spirit  of  salt),  larg^y 

diluted  with  water;  for  while  the  zinc  will  undergo  solution,  the  plate 

of  iron  will  remain  bright  and  uutamished,  though  if  plunged  in  the 

-diluted  acid  alone,  it  would  be  acted  upon  immediately. 

On  the  observation  of  the  electro- chemical  effects  of  the  contact  of 
metals  was  founded  a  method,  proposed  by  Sir  H.  Davy,  for  preserv- 
ing the  copper  sheathing  of  ships  from  the  corroding  action  of  sea- 
water.  It  has  long  been  the  custom  among  ship-buildeis  to  cover  the 
outer  surface  of  the  huUs  of  large  vessels  with  sheets  of  copper,  the 
durability  and  consequent  advantages  of  which  were  found  to  be 
greatly  diminished  by  the  action  of  the  saline  matters  contained  in 
sea-water  on  the  metal,  producing  oxidation,  corrosion,  and  decay. 
The  plan  proposed  for  the  prevention  of  these  injurious  effects  of 
the  exposure  of  the  copper  sheathing  of  ships  to  the  action  of  sea. 
wrater  during  long  voyages,  consisted  in  fixing  to  the  surface  of  the 
copper  plates  of  zinc  or  iron,  called  protectors,  the  effect  of  which  was 
to  render  the  copper  electro-negative,  and  thus  prevent  it  from  a^ 
iracting  oxygen  from  the  water,  or  substances  hela  in  solution  in  it ; 
the  protectors  themselves  becoming  oxidated  and  gradually  dissolved, 
while  the  copper  was  preserved.  Experiments  conducted  on  a  small 
scale,  and  for  a  very  limited  period,  showed  that  the  effect  intended  might 
certainly  be  produced.  But  it  was  found  that  when  a  copper- bottomed 
Tessel  was  armed  with  Davy's  protectors,  though  the  copper  in  the 
course  of  a  long  voyage  was  prevented  by  its  eleotro-negative  energy* 
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from  beeoming  oxidized,  yet  firom  the  sama  cause  it  powerfullj  at- 
tracted from  the  sea-water  earthy  matter,  sach  as  lime,  mag^nesia,  and 
other  electro-positive  bodies  dissolved  in  it,  and  thus  acqoired  a  rough 
coating  to  which  marine  plants  and  animals  became  attached  so  abun- 
dantly as  to  prove  a  serious  inconvenience.  The  failure  of  this  plan, 
under  such  circumstances,  only  serves  more  strikingly  to  illustriite 
the  principle  under  consideration. 

In  the  whole  range  of  experimental  chemistry  there  are  few  pheno- 
mena more  curious  or  beautiful  than  those  exhibited  by  metallic  arbo- 
rizations, or  the  depositions  of  crystallized  metals,  from  the  decompo- 
sition of  metallic  salts.  An  attention  to  the  manner  in  which  such 
experiments  are  couducted  will  enable  'ub  to  trace  a  strong  analogy 
between  these  processes,  and  some  of  the  instances  of  electro-chemical 
decomposition  previously  adduced. 

The  production  of  the  Tree  of  Diana  (Arbor  Diofut),  a  process  said 
to  have  been  invented  by  Lemery,  a  French  chemist,  in  the  beginning 
of  the  last  century,  must  have  excited  the  admiration  of  many  persons 
quite  unacquaiuted  with  chemistry.  To  form  this  crystallization,  let 
six  drams  of  a  saturated  solution  of  pure  silver  in  nitric  acid,  and  four 
drains  of  a  similar  solution  of  mercury  in  the  same  acid,  be  diluted 
with  five  ounces  of  distilled  water,  and  poured  into  a  small  decanter 
or  glass  phial ;  then  compose  an  amalgam,  by  mixing  one  part  of  finely- 
divided  silver  with  seven  parts  of  mercury,  and  place  a  small  lump  of 
it  at  the  bottom  of  the  bottle,  which  must  be  kept  quite  still.  In  a 
short  time  the  surface  of  the  amalgam  will  be  covered  with  minute 
filaments  of  silver,  and  after  standing  about  forty-eight  hours,  the 
solution  will  deposit  all  its  silver,  in  the  form  of  bnlliant,  arborescent 
crystals,  springing  like  a  glittering  shrub  from  the  bottom  of  the 
vessel.* 

«  Mr.  Brands  says,  "Tbe  prindiMa  use  of  the  addition  of  mercury  to  the 
solution,  and  of  silver  to  the  precipitating^  mercury,  is  to  give  a  degree  of 
tenacity  to  the  arborescent  deposit  of  crystals,  which  prevents  their  falling 
to  the  bottom  of  the  flask.**— Manual  ojf  Chemistry ^  3d  edit.  1830,  vol.  if. 
p.  184.  It  seems  difficult,  however,  to  conceive  how  the  mercury  that  re- 
mains in  solution,  or  the  divided  sUver  in  the  amalgam,  can  communicate 
tenacity  to  the  crystalline  deposit  {  and  though  the  silver  in  the  »»w*igMn  may 
serve  as  a  sort  of  nadeus  for  the  newly-formed  metal,  yet  it  is  most  probable 
tbattlie  nitrate  of  mercury  and  the  metallic  silver  contribute  to  the  success  of 
the  experiment  chiefly  by  forming  a  Voltaic  drde,  or  combination  of  electro^ 
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Ab  experiment  of  a  rery  Bunilar  nature,  whieb  leqnires  less  skill 
end  attention  in  its  management  than  the  preeediog,  is  the  redoetiott 
of  lead  in  the  crystalline  state  from  its  combination  with  acetic  acid» 
by  means  of  zinc.  This  may  be  effected  simply  by  suspending  a  lump 
m  sine  in  a  solution  of  acetate  of  lead,  commonly  called  sugar  of  lead, 
in  the  proportion  of  two  drams  «f  the  salt  to  six  ounces  of  water,  con- 
tained in  a  glass  phial  or  flask.  In  this  case  the  reviTed  metal  is  de« 
posited  more  slowly,  forming  shining  foliated  cijstals,  first  covering 
the  surface  of  the  zinc  and  tiben  extending  from  it  towards  the  bottom 
of  the  phial.  Here  the  electro-positive  zinc  attracts  oxygen  from  t£e 
relatively  electro-negatire  lead,  and  forms  acetate  of  zinc,  while  the 
lead  is  set  free. 

The  decomposition  of  metallic  salts  may  be  effected  by  means  of 
electro-positive  bodies  not  of  a  metallic  nature,  giving  rise  to  appear- 
ances much  resembling  those  already  described.  If  a  lump  of  charcoal 
be  suspended  in  a  solution  of  sulphate  of  copper,  the  metal  will  be 
graduaUy  revived,  forming  small  crystals  on  the  surface  of  the  char-» 
eoal.  And  a  stick  of  phosphorus  immersed  in  a  solution  of  nitrate  of 
silver  will  become  covered  with  a'  crystalline  incrustation  of  the  to* 
dnced  metal. 

The  following  method  of  forming  metallic  arborizations  on  tiie  sur* 
face  of  glass,  so  as  to  produce  a  pleasing  effect,  was  published  a  few 
years  ago  in  a  French  journal.  Place  a  few  filings  of  copper  and  of 
iron  on  a  glass  plate,  at  a  certain  distance  one  from  the  other.  Then 
drop  a  little  nitrate  of  silver  (in  solution)  on  each  parcel :  the  sOver 
will  soon  begin  to  be  precipitated,  while  the  iron  and  copper  are 
oxidised  and  become  coloured.  Now  with  a  small  and  pointed  stick 
the  awtallic  ramifications  may  be  arranged  in  any  figures,  and  the 
flame  of  a  taper  held  under  the  plato  will  promote  the  evaporation  of 
the  liquid,  facilitate  the  mutual  action  of  the  metals,  and  by  blackening 
the  under  side  of  the  plate,  form  a  sort  of  ground  for  the  design 
tsaced  out.* 

In  this  and  many  other  processes  of  a  corresponding  character,  the 

positive  and  electro-negative  bodies,  in  consequence  of  which  the  eleetro- 
positive  metal,  mercury,  is  enabled  the  more  easily  to  decompose  the  nitmte 
of  sliver. 

*  Journal  of  Science,  ed.  at  R.  Inst.,  voL  x.  p.  181 )  from  "  Annalas  de 
Cblmie.'*  « 
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effects  may  with  probability  be  attributed  to  the  ooetrast  of  the  eleetio- 
poaitive  and  electro-negatire  energiea  of  the  bodies  broi^^ht  withki 
the  sphere  of  each  other's  action.  And  though  many  topics  of  researoh 
with  regard  to  electro-chemistry  remain  for  inrestigation,  it  may  be 
concluded  from  what  is  already  known*  that  bodies  attracting  each 
other  to  form  chemical  compounds  will  always  eifaibit  opposite  states 
of  electricity,  and  oompounda  may  be  deoompoaed  or  combiaationa 
jHerented  by  altering  the  relatire  electricities  of  the  bodies  whoae 
onion  is  thus  interrupted. 

Some  writers  have  considered  dectricity  as  the  general  cause  of 
eombuation ;  and  the  recent  disooveries  of  philosophers  reUtire  to  the 
intiaoate  connexion  between  electricity,  magnetism,  and  heat,*  afford 
grounds  for  concluding  that  the  peculiar  energy  which  gites  rise  to 
eleetrio  phenomena,  may  extend  its  influence  to  all  cases  of  cbemicid 
combination,  and  especially  to  those  which  are  accompanied  by  the 
•xtiication  of  light  and  heatt  In  illustrating  the  third  law  of  che- 
mical affinity,  or  that  which  relates  to  the  influence  of  temperatmre, 
examples  har^  been  giren  of  caaes  of  spontaneous  combustion,  whieh 
are  traced  to  the  erolution  of  heat,  in  consequence  of  the  absorption  of 
atmospheric  air,  or  the  oxygenous  portion  of  it,  by  large  masses  of 
combustible  matter.^  That  electricity  is  concerned  in  the  production 
of  theae  phenomena  is  at  least  highly  probable,  though  it  may  ba 
difficult  to  determine  its  mode  of  action.  In  the  still  more  remark* 
able  and  interesting  oaaes  of  the  spontaneous  eombuation  of  the  human 
body,  of  which  unfortunately  there  are  many  perfectly  authenticated 
on  record,  oircamstancea  may  be  pointed  out  which  strongly  indicaito 
the  influence  of  electricity. 

The  evolution  of  electric  light  from  the  bodies  of  living  animalS)  has 
been  noticed  by  several  writers ;  and  though  such  luminous  appear- 
ances often  take  place  without  inflammation,  it  may  be  readily  con* 
ceired  that  the  electricity  thus  evolved,  either  owing  to  its  extraor* 

•  See  Book  of  Science,  pt.  i.  Sd  edit.  pp.  471,  479. 

t  "  Combustion,'*  observes  Mr.  Brande,  "  may  be  connected  with  the  else- 
trical  energies  of  bodies }  for  all  bodies  wMcb  powerfolly  act  upon  each  other 
are  in  the  opposite  electrical  states  of  positive  and  negative }  and  the  evolu- 
tion of  heat  and  light  may  depend  upon  the  annihilation  of  these  opposite 
states,  wUch  happens  when  they  combine."— ilf<m.  o/Chem.  vol.  i.  p.  148. 

t  See  p.  »• 
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•dinary  intensity  or  to  the  presence  of  highly  inflsmmable  matter,  might 
excite  combustion,  and  cause  the  destruction  of  a  human  body,  as  in 
the  cases  in  question. 

Among  the  instances  of  spontaneous  combustion  commencing  during 
life  in  the  human  subject,  that  of  the  Countess  Cornelia  Zangari  and 
Baodi,  of  Cesena,  has  perhaps  been  most  frequently  quoted,  and  is 
therefore  best  known.  The  circumstances  of  this  appalling  accident 
were  published  in  Itidy,  by  Signer  Bianchini,  of  Verona,  and  8ubse« 
quently  ^in  1745)  by  Dr.  Cromwell  Mortimer,  in  the  "  Philosophical 
Transactions."  This  lady,  who  was  sixty-two  years  of  age,  having 
been  left  one  night  by  her  attendant  in  bed  asleep,  was  found  the 
next  morning  on  the  floor  of  the  room,  reduced  to  a  heap  of  ashes, 
except  her  arms  and  legs,  and  part  of  the  head.  The  air  of  the  apart- 
ment was  loaded  with  fine  soot,  which  had  a  noisome  smell.  The  bed 
was  not  damaged,  and  the  bed.clotheswere  lifted  on  one  side,  as  usual 
by  a  person  getting  out  of  bed.  Neither  the  floor  nor  furniture  were 
injured  by  fire,  the  combustion  manifestly  having  been  excited  by 
causes  acting  solely  on  the  body,  and  being  entirely  confined  to  it. 
The  countess,  it  seems,  was  accustomed,  when  she  felt  indisposed,  to 
bathe  her  body  with  camphorated  spirit  of  wine. 

Mr.  Wilmer,  an  eminent  surgeon  of  Coventry,  published  an  ac- 
count of  a  similar  occurrence,  on  which  he  had  an  opportunity  for 
making  observations.  Mary  Clues,  fifty  years  of  age,  was  much  ad- 
dicted to  intoxication ;  and  for  about  a  year  before  her  death,  scarcely 
tt  day  had  passed  in  the  course  of  which  she  had  not  drunk  at  least 
half  a  pint  of  rum  or  aniseed  water.  Her  health  g^radually  declined, 
and  about  the  beginning  of  Februaxy,  1773,  she  was  attacked  by  jaun- 
dice, and  confined  to  bed.  '  She  still  continued  her  habit  of  drinking 
spirits  every  day,  and  smoking  a  pipe  of  tobacco.  On  Saturday  morn- 
ing, March  1,  having  risen,  she  fell  on  the  floor,  and  being  too  weak 
to  get  up,  she  remamed  lying  there  till  some  person  came  in  and 
helped  her  into  bed.  The  following  night  she  requested  to  be  left 
alone,  and  a  woman  who  was  with  her  quitted  her  at  eleven  o'clock, 
liaving  shut  the  door  and  locked  it  according  to  custom.  At  half  after 
five  in  the  morning  smoke  was  observed  issuing  ftom  the  window, 
and  the  room-door  being  speedily  broken  open,  some  flames  which 
were  in  the  room  were  soon  extinguished.  Bietween  the  bed  and  the 
fireplace  were  found  the  remains  of  the  unfortunate  woman.    One 


SPONTANEOUS   COMBUSTION    OF    HUMAN    BODIES.      45> 

leg  and  thigh  were  still  entire ;  bat  nothing  was  left  of  the  skin, 
muscles,  or  intestines.  The  bones  of  the  skull,  body,  and  arms,  wer& 
wholly  calcined,  and  covered  with  whitish  ashes.  The  side  of  the 
bedstead  next  to  the  chimney  was  slightly  burned ;  but  the  feather- 
bed and  clothes  were  uninjured.  The  walls  and  every  thing  in  the 
room  were  blackened,  and  the  air  filled  with  a  very  disagreeable 
vapour,  though  nothing  except  the  body  exhibited  any  strong  traces 
of  fire. 

A  case  of  spontaneous  combustion  is  related  in  the  "  Methodist 
Magazine"  for  1809,  on  the  authority  of  Mr.  Wood,  a  Wesleyan  mi.  ^ 
nister,  residing  at  Limerick,  in  wluch  the  inflammation  appears  to 
have  been  more  violent  and  rapidly  destructive  than  in  the  foregoing 
instances.  Mr.  O'Neil,  keeper  of  the  Five  Founds  Almshouses,  in 
the  city  of  Limerick,  was  awakened  about  two  o'clock  in  the  rooming 
by  a  person  knocking  at  his  bed-room  door,  upon  which  he  rose,  and 
at  the  request  of  the  person  who  knocked,  went  with  him  into  his 
apartment,  which  was  under  the  room  occupied  by  a  Mrs.  Peacocks 
There  they  found  on  the  floor  a  dead  body,  burning  with  fire,  as  red 
as  copper,  and  which  had  dropped  through  the  ceiling ;  for  on  looking 
up,  a  hole  somewhat  the  shape  of  the  body  was  perceived,  the  floor  and 
rafters  above  having  been  destroyed.  Mr.  O'Neil  immediately  ran  up 
stairs,  and  having  burst  open  the  door  of  Mrs.  Peacock's  room,  saw- 
the  aperture  in  the  middle  of  the  floor,  and  the  boards  still  burning. 
Having  with  assistance  quenched  the  fire  about  the  hole,  he  endea^ 
voured  to  discover  by  what  means  the  body  had  taken  fire,  but  could 
find  no  cause.  There  was  no  candle  or  candlestick  near  the  place ;  na 
fire  in  the  grate,  but  what  was  raked  up  in  the  ashes,  in  the  usual 
manner  of  preserving  fire  through  the  night.  The  room  was  exa« 
mined;  but  nothing  had  taken  fire  except  that  part  of  the  floor  through 
which  the  body  had  fallen :  even  a  small  basket  of  twigs,  and  a  small 
trunk  of  dry  wood  which  lay  near  the  hole,  escaped  untouched  by 
the  fire. 

In  most  of  the  various  cases  of  spontaneous  combustion,  more  or 
less  circumstantially  related  by  different  writers,  immediate  death  wa& 
the  consequence,  or  at  least  life  had  become  extinct  before  the  mise- 
rable fate  of  the  victim  was  discovered.  It  appears,  however,  that 
4eatbt  or  at  all  events  immediate  death,  is  not  always  the  re&ult  of  an 
accident  of  this  nature.    The  following  instance  of  spontaneous  com<* 


46  CHEMISTRY. 

bastion  is  interestiDg  at  being  one  in  wbich  the  party  egeape^  de« 
■traction,  and  though  it  is  but  imperfectly  related,  yet  it  seems 
deserving  of  attention.  It  may  be  found  in  a  *<  Treatise'on  the  Climate, 
Soil,  and  Rivers  of  Enghma,"  published  by  Dr.  Charles  Claromont, 
a  physician,  who  was  a  native  of  Lorraine,  and  resided  in  this  coantry 
in  the  reign  of  Charles  II. 

Two  citiiens  of  Loudun,  near  Poitiers,  in  France,  having  taken  a 
walk  into  the  country,  visited  a  noble  firiend,  and  meeting  with  com- 
panions, joined  them  in  a  gecme  with  a  ball.*  After  playing  some 
time,  they  took  refreshment,  walked  out,  and  then  played  again.  They 
supped  together  pleasantly  and  merrily,  but  no  one  drank  beyond  the 
bounds  of  reason.  At  length,  night  coming  on,  the  others  retamed  to 
the  town,  and  the  two  citiaens  remained  to  lodge  with  their  friend. 
Retiring  to  their  chamber,  they  performed  their  devotions,  undressed 
themselves,  and  went  to  bed.  But  they  had  scarcely  settled  them- 
selves in  bed,  when  one  of  them,  in  terrrible  alarm,  exclaimed  that  he 
was  on  fire :  and  truly  his  breast  and  beard  taking  fire,  began  to  bum 
so  that  a  part  of  his  shirt  was  reduced  to  ashes,  his  bosom  and  chin 
were  scorched,  and  the  flame  could  scarcely  be  extinguished.  He 
would  doubtless  have  been  destroyed  by  the  conflagration,  if  meaiiB 
had  not  been  at  hand  to  suppress  it.  Dr.  Claromont  says  he  saw  the 
man  afterwards,  with  traces  of  the  injury  on  his  bosom  and  face  j  and 
he  learned,  from  particular  inquiry,  that  the  combustion  could  not 
have  been  caused  by  lightning,  nor  by  the  approach  of  fire  or  candle.f 

Another  case  of  a  later  date,  in  which  the  sofierer  survived  the 
accident  a  fow  days,  is  recorded  in  a  German  journal.  Don  G.  Maria 
Bertholi,  a  friar  who  li?ed  at  Mount  Volere,  went  to  the  fair  of  Filetto, 
and  having  walked  about  all  dm,  retired  in  the  evening  to  the  house 
of  a  relation  at  Fenille,  to  pass  the  night.  Upon  his  arrival  he  went 
directly  to  his  bed-room,  and  went  to  bed,  having  a  handkerchief 
placed  between  his  shoulders,  under  his  shirt.  In  a  few  minutes  after 
ne  had  been  left  alone,  a  stifled  noise,  mingled  with  cries,  was  heard 
from  his  room ;  and  when  the  people  of  the  house  rushed  in,  they 
found  him  on  the  floor,  enveloped  in  a  lambent  flame.    He  was  visited 

*  Probably  cricket  or  tennis. 

t  Carol!  Claromontil,  D.  M.  Kob.  Ixitharingi  ds  Aire,  Lods  et  Aquis  Tons 
Anslin.   Lond.  1072,  sm.  limo^  pp.  ai,  n« 
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aezt  daj  hj  a  8aigeoii»  who  fonnd  that  his  body  was  much  burned, 
and  after  niffnriDg  a  good  deal,  he  died  oa  the  touxth  daj  after  the 
accident. 

Such  are  some  of  the  most  remarkable  cases  of  the  occurrence  of 
spontaneous  combustion  in  liring  bodies,  which  have  fallen  under  the 
notice  of  competent  obserrers.  Among  the  writers  who  hare  ex- 
pressly treated' of  this  subject,  may  be  mentioned  the  names  of  Leca^ 
Kopp,  Vicq  D'Axyr,  Dr.  Thomas  Trotter,  Dupuytren,  and  M.  Julia 
Fontenelle,  the  lastmentioned  of  whom,  in  a  paper  read  before  the 
French  Academy,  a  few  years  since,  draws  the  following  conclusions 
from  a  review  of  the  evidence  on  record :  (1.)  Spontaneous  combus- 
tion generally  happens  to  those  who  are  accustomed  to  indulge  imBK>- 
derately  in  the  use  of  vinous  or  spirituous  liquors.  (2.)  Old  women 
are  the  most  frequent  victims  of  such  catastrophes.  (3.)  The  com- 
bustion is  sometimes  very  partial,  but  more  frequently  general ;  and 
the  parts  which  most  commonly  escape  destruction  are  the  feet,  hands, 
and  upper  portion  of  the  head.  (4.)  This  kind  of  combustion  often 
does  not  extend  to  inflammable  substances  in  contact  with  the  burning 
body.  ^5.)  W ater,  instead  of  quenching  the  fire,  adds  to  its  violence. 
To  the  exreumstanees  thus  stated  ss  the  result  of  the  researches  of  M. 
J.  FoDtenelle»  it  may  be  added,  that  in  most  of  the  cases  which  have 
been  related,  the  combustion  appears  to  have  commenced  when  Ae 
snbiects  of  it  were  in  bed. 

As  to  the  causes  of  the  spontaneous  combustion  of  the  human  body, 
tiiongh  many  feasible  conjectures  might  be  advanced,  the  phenomena 
by  no  means  admit  of  complete  explanation.  It  has  been  alleged, 
uat  the  intemperate  use  of  liquors  containing  alcohol  may  cause  the 
production  of  inflammable  gases  within  the  body,  and  that  the  solids 
and  fluids  composing  it  may  also  become  impregnated  with  undecom- 
posed  spirit.  There  can  be  no  doubt  that  sulphuretted  hydrogen  gas 
is  frequently  formed  in  the  intestinsl  canal,  and  under  some  circum- 
stances other  inflammable  compounds  of  hydrogen  may  be  accumu- 
lated in  the  internal  cavities ;  spirits  when  swallowed  in  considenible 
quantities  may  possibly  be  interspersed  in  the  cellular  membrane ;  and 
though  dram-drinkers  generally  become  emaciated,  and  their  bodies 
are  uus  deprived  of  the  adipose  or  fatty  matter  proper  to  healthy 
bodies,  yet  oleose,  and  therefore  inflammable  particles  must  still  be 
contained  in  some  of  the  fluids* 
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Hence  it  may  in  some  measure  be  conceired  bow  tbe  boman  hodf 
may  become  so  mucb  impregnated  witb  combustible  matter,  as  wben 
once  kindled,  to  be  partially  or  almost  wbolly  consumed,  without  tbe^ 
addition  of  extraneous  fuel.    As  to  the  immediate  or  exciting  cause  of 
combustion  in  these  cases,  tbe  direct  evidence  is  chiefiy  negative.    In 
most  instances,  it  has  been  clearly  ascertained,  that  the  bodies  of 
those  who  hare  suffered  have  not  been  set  on  fire  by  a  flame  or  spark 
from  any  previously-ignited  substance,  nor  by  lightning.    There  is, 
however,  one  source  to  which  the  excitement  of  these  alleged  sponta- 
neous combustions  may  with  probability  be  attributed,  because  the 
circumstances  are  favourable  to  its  production  ;  and  that  is  the  electric 
spark,  or  the  extrication  of  electricity  possessing  such  a  degree  of  in- 
tensity as  is  requisite  to  inflame  combustible  matter.  Several  instances 
of  the  evolution  of  electric  fire  from  animal  bodies,  when  excited  by 
fnction,  are  mentioned  in  the  treatise  on  Electricity  ;*  and  others  in 
which  these  appearances  were  accompanied  with  actual  combustion^ 
are  noticed  in  Sir  D.  Brewster's  Letters  on  Natural  Magio.t    To» 
what  circumstances  the  production  of  electric  sparks,  that  could  set 
fire  to  inflammable  vapours,  should  be  ascribed,  in  any  given  case 
of  spontaneous  combustion,  can  only  be  conjectured ;  but  as  most  of 
the  accidents  referred  to  occurred  to  persons  while  in  bed,  it  is  not  im- 
probable that  the  electricity  might  be  excited  by  the  heat  and  pressure 
of  the  body  on  the  feathers,  or  wool,  but  especially  the  former,  consti'* 
tuting  the  stuffing  of  the  bed. 

5.  This  very  important  law  of  chemical  affinity,  is  intimately  con'' 
nected  vrith  the  second  law.  Though  chemical  combination  takes 
[dace  between  molecules  inconceivably  minute,  yet  their  union  in* 
every  case  is  regulated  by  fixed  and  definite  proportions.  As  to  the 
nature  of  the  atoms  or  particles  of  the  respective  bodies  with  which  w» 
are  acquainted,  we  know  nothing  certain.  For  instance,  each  com- 
bining molecule  of  oxygen,  of  hydrogen,  of  carbon,  or  of  sulphur,  ma^ 
consist  of  several  component  particles  or  sub-molecules ;  for  there  u 
nothing  inconsistent  in  supposing,  that  though  matter  is  not  physicfilly 
capable  of  infinite  subdivision,  yet  that  molecules  may  exist  nir  mora 
attenuated  than  those  of  the  most  simple  substance  which  has  hithertt^ 

t  See  Book  of  Science,  pt.  i.  ad  edit  p.  469. 
t  See  Lett.  xlii.  pp.  821,  823. 
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fiBllen  within  tbe  range  of  oar  observation.  The  develojpment  pf  tbar 
principle  involved  in  this  law  need  not,  however,  be  embarrassed  bj 
any  considerations  drawn  from  tbe  questions  that  have  been  agitated 
relative  to  tbe  divisibility  of  matter ;  for  tbe  term  atom  here  is  not 
to  be  taken  in  its  strictest  acceptation  (which  would  imply  indi* 
visibility*),  but  merely  as  denoting  the  unit  of  combination,  or  the 
proportioned  mass  or  quantity,  in  which  a  given  body  unites  with  other 
bodies.  It  may,  perhaps,  be  de6ned  to  be  the  smallest  quantity  to 
which  each  body  or  kind  of  matter  can  be  reduced,  without  losing  its 
essential  properties  as  a  chemical  agent,  and  especially  that  property 
in  virtue  of  which  it  enters  into  combination  with  other  bodies. 

The  relations  of  tbe  combining  proportions  or  atomic  quantities  of 
different  substances  to  each  other,  may  be  considered  with  respect 
either  to  weight  or  bulk.  Thus  8  parts  by  weight  of  oxygen  will 
unite  with  1  part  of  hydrogen  to  form  water.  Supposing  these  to  be 
the  simplest  proportions  in  which  these  bodies  combine,  the  atomic 
weight  of  oxygen  will  be  8,  and  that  of  hydrogen  1.  Again  nitrogen 
will  unite  with  oxygen  in  the  following  proportions : 

14  parts  by  weight  of  nitrogen  with    8  of  oxygen,  form  nitrous  ozide* 
14  parts  by  weight  of  nitrogen  with  16  of  oxygen,  form  nitrous  gas. 
14  parts  by  weight  of  nitrogen  with  24  of  oxygen,  form   hyponitrous 

acid. 
14  parts  by  weight  of  nitrogen  with  32  of  oxygen,  form  nitrous  acid, 
14  parts  by  weight  of  nitrogen  with  40  of  oxygen,  form  nitric  acid. 

So  that  the  lowest  proportion  in  which  oxygen  unites  with  nitrogen,  is 
the  same  with  that  in  which  it  forms  water  with  hydrogen ;  and  the 

3iiantity,  by  weight,  in  which  nitrogen  unites  with  oxygen  in  the  pro- 
act  (nitrous  oxide),  is  as  14  to  8,  hence  the  former  number  may  be 
taken  as  the  atomic  weight  of  nitrogen.  Now  the  other  numbers,  denot- 
ing the  combining  weights  of  oxygen  with  nitrogen,  are  all  multiples  in 
various  proportions  of  its  atomic  weight;  that  is,  nitrous  oxide  contains 
1  atom  of  oxygen,  nitrous  gas  2  atoms,  hyponitrous  acid  3  atoms, 

*  From  the  Greek  "Aro/ioc,  htdivisibh,  derived  from  the  ^privative  a, 
and  rkuvia,  to  cut. 
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nitrouB  acid  4  atoms,  and  nitric  acid  5  atoms,  aach  atomie  qnantitf 
being  combined  with  1  atom  of  nitrogen. 

In  the  same  manner  it  will  be  found  that  oxygen,  in  its  com- 
binations with  carbon,  sulphur,  phosphorus,  the  metals,  and  other 
simple  bodies,  is  always  united  to  tiiem  in  proportions  relatively  equal 
to  its  atomic  weight,  or  to  some  multiple  or  submultiple  of  that  weight. 
The  following  are  the  atomic  weights,  or,  as  they  are  sometimes  styled, 
chemical  equivalents  of  the  respecUye  bodies  enumerated : 


Hydrogen 

.      1    .    . 

.    •    Carbon    ....      6 

Oxygen      •    . 

.      8    .    . 

.    .    Phosphorus       •     •    12 

Nitrogen    .    . 

.    14   •     . 

.    .    Sulphur       ...    16 

Sodium  •    • 

.     .    24   .     . 

.     •    Potassium   ...    40 

Iron       .    •    . 

.     •    28    .    . 

.    •    Copper    ....    32 

Lead      •    . 

.     .  104   •    . 

.    .    Mercury      .     .    •  200 

If,  then,  we  trace  the  combinations  of  oxygen  with  either  of  the 
other  bodies  in  this  table,  it  will  appear  that  it  unites  in  the  ratio  of 
1  atom  of  oxygen  to  1  of  base,  1  to  2  of  base,  &c.  Thus  carbon  com- 
bines with  oxygen  in  two  proportions,  constituting  two  distinct  com- 
pounds. In  the  proportion  of  6  carbon  to  8  oxygen,  it  unites  to  form 
carbonic  oxide ;  and  in  that  of  6  to  16  oxygen,  it  forms  carbcxuc  acid. 
Therefore  6  has  been  reckoned  the  atomic  weight  of  carbon ;  and  hence 
it  will  follow  that  carbonic  oxide  is  a  compound  of  1  atom  of  each  of 
its  constituents,  and  that  carbonic  acid  consists  of  1  atom  of  carbon 
with  2  of  oxygen.  Further,  with  sulphur,  oxygen  may  unite  in  three 
proportions :  the  first,  or  hyposulphurous  acid,  composed  of  16  aul-> 
phur  -|-  8  oxygen,  or  1  atom  of  each ;  the  second,  or  sulphurous  acid,  of 
16  -{-  16,  or  1  atom  of  sulphur  to  2  of  oxygen ;  and  the  third,  or  sul- 
phuric acid,  of  16  -{-  24,  or  1  atom  of  sulphur  to  3  of  oxygen. 

The  various  simple  bodies  not  only  combine  with  oxygen  m  quantities 
which  are  multiples  or  submultiples  of  their  atomic  weighte,  but  they 
also  combine  in  the  same  manner  with  other  bodies.  Hydrogen  forma 
two  definite  compounds  with  sulphur.  Sulphuretted  hydrogen  connsls 
of  1  hydroeen  -{-  16  sulphur,  or  1  atom  of  each  body ;  and  super8ul-> 
phuretted  hydrogen  of  1  -|-  32,  or  1  atom  of  hydrogen,  ana  2  of 
sulphur. 
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If,  however,  we  piusue  the  examination  of  the  relative  combining 
ratios  of  simple  bodies,  we  shall  find  some,  the  proportions  of  whose 
compounds  oannot  be  so  satisfactorilj  determined,  as  those  last  men- 
tioned. In  the  first  place,  it  sometimes  happens  that  the  only  known 
combination  existing  between  two  bodies,  is  not  in  the  proportion 
which  would  be  indicated  by  the  numbers  representing  their  respective 
chemical  equivalents.  Thus  1  hydrogen  combines  with  8  oxygen,  and 
the  latter  with  14  nitrogen.  We  should  therefore  infer  that  the  quan- 
tity of  hydrogpen  which  would  combine  with  14  of  nitrogen,  ought  to 
be  1,  whereas  it  is  3 ;  the  only  known  compound  of  the  latter  ingre- 
dients being  ammonia,  which  consists  of  14  by  weight  of  nitrogen  and 
S  of  hydrogen. 

In  other  cases,  where  several  combinations  of  two  bodies  occur,  the 
ratio  between  the  numbers  is  not  as  1  •—  3  —  3,  or  a  multiple  of  the 
smallest,  but  as  1  ^  1 J  —  2,  or  some  other  intermediate  quantity. 

It  may  be  observed,  however,  that  in  these  cases,  the  very  exception 
•eems  to  prove  the  rule ;  for  with  regard  to  the  first  case,  although  3  is 
not  the  equivalent  of  hydrogen,  vet  it  is  a  multiple  of  that  quantity ; 
and  with  regard  to  the  second,  tlie  relation  of  one-half  or  one-quarter 
of  the  smaller  number  is  always  preserved  in  the  other  combining 
quantities,  so  that  it  is  plain  that  a  certain  regularity  is  still  maintained 
in  the  midst  of  these  apparent  anomalies,  and  that  the  combinations 
Cake  place  even  here  agreeably  to  some  fixed  and  settled  principle. 

Many  of  these  exceptions,  mdeed,  have  disappeared  in  proportion  to 
the  prog^ss  of  discovery :  thus  a  few  years  ago  we  were  acquainted 
with  only  two  compounds  of  sulphur  and  oxygen,  the  sulphurous  and 
sulphuric  acids,  the  former  composed  of  16  sulphur  and  16  oxygen, 
the  latter  of  16  sulphur  and  24  oxygen,  the  proportion  of  oxygen 
in  the  two  compouodis  being  therefore  as  3  to  3.  But  the  discovery  of 
the  hyposulphurous  acid  has  since  removed  this  anomaly,  by  present- 
ing us  with  a  compound  of  16  sulphur  and  8  oxygen,  so  that  the  pro- 
portion of  the  latter  is  to  that  in  which  it  exists  in  tiie  second,  as 
1  to  3.  It  is  probable,  then,  that  in  many  cases  the  exception  is 
only  apparent,  whilst  in  others  it  seems  not  unlikely  that  two  equiva- 
lents of  one  ingredient  may  combine  respectively  with  two,  three,  and 
four  equivalents  of  the  other,  as  in  the  oxides  of  lead,  which,  accord- 
ing to  Dr.  Thomson,  consist  of 
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Lead  104  X  2  =  208    .    «    .    Oxygen  8  X  t  =  16 

« 104X«=:208    •     .     .    8x3zz24 

104  X  2  =  208     .     •    .    8  X  4  =  3«* 

It  will  be  perceived  on  reference  to  the  preceding  estimates  of 
atomic  weights,  that  they  are  all  multiples  or  submultiples  of  the 
atomic  weight  of  hydrogen,  that  being  unity.  Hydrogen  being  the 
lightest  of  all  the  bodies  with  which  we  are  acquainted,  there  is  a  de- 
gree of  convenience  in  making  its  combining  weight  the  standard 
from  which  those  of  others  are  to  be  calculated.  It  must,  however,  be 
understood,  that  the  combining  weights  or  chemical  equivalents  have 
no  reference  to  any  real  standard  existing  in  nature,  but  that  they 
merely  denote  the  relative  quantities  in  which  different  substances 
combine  together,  and  it  is  immaterial  what  numbers  are  adopted  to  ex- 
press those  quantities,  provided  the  entire  series  exhibits  the  same 
proportions  tliroughout.  Thus  10  might  be  fixed  on  as  the  atomic 
weight  of  hydrogen,  in  which  case  that  of  carbon  would  be  60,  that  of 
oxygen  80,  that  of  sulphur  160,  that  of  iron  280,  and  so  on,  all  being 
augmented  in  tenfold  proportion.  The  combining  number  of  hydrogen 
might  be  reckoned  100  or  1000,  and  those  of  the  others  increased  in 
the  same  ratio ;  or  any  given  number  whatever  might  be  selected 
instead  of  unity,  and  a  scale  of  combining  quantities  formed  to 
correspond  with  it.  But  the  obvious  advantages  of  taking  a  series 
commencing  with  unity  must  at  once  be  perceived.  All  chemists, 
however,  are  not  agreed  as  to  the  propriety  of  making  the  atom  of  by* 
drogen  the  foundation  of  the  scale  of  equivalents.  Thus  Dr.  Thom* 
son  reckons  the  atomic  weight  of  oxygen  as  1,  and  consequently  that 
of  hydrogen  ^  or  0.125,  that  of  carbon  ^  or  0.75,  and  that  of  sulphur 
i|  or  2  ;  and  alters  the  serit-s  throughout  in  the  same  ratio.  Others 
have  fixed  on  10  or  100  as  the  combining  number  of  oxygen,  and 
regelated  their  scales  accordingly. 

The  preceding  observations  will  enable  the  reader  to  understand  in 
some  degree  the  causes  of  the  varieties  of  the  atomic  weights  attributed 
hy  different  writers  to  the  same  body ;  some  estimating  the  weight 

*  Introduction  to  the  Atomic  Theory,  by  Charles  Daubeny,  M.D.,  F.R.S., 
Prof,  of  Cbem.  at  Oxford.    18S1,  8vo,  pp.  42,  43. 


SCALE   OF   CliEMtCAL   EQUIVALENTS.  53 

iFnth  reference  to  that  of  hydrogen  as  the  standard,  and  some  with 
reference  to  oxygen.  There  is,  however,  another  source  of  dis- 
crepancy, which  must  not  he  left  unnoticed.  The  determination  of  the 
atomic  weights  of  bodies  must  in  the  first  instance  depend  on  chemical 
analysis :  and,  as  Professor  Daubeny  observes,  **  we  must  admit  that 
it  is  doubtful  whether  such  accuracy  in  chemical  analysis  has  yet  been 
attained,  as  to  enable  us  to  answer  positively  for  a  fraction  not  exceed- 
ing the  300th  or  400th  part  of  the  whole  quantity  to  be  determined ; 
and  this  degree  of  exactness  at  least  would  hare  been  required  to 
verify  the  law  satisfactorily  in  the  higher  parts  of  the  scale/**  Hence 
it  is  that  Berzelius,  estimating  the  atomic  weights  of  different  bodies 
with  reference  to  hydrogen,  has  given  numbers  varying  more  or  less 
fiom  those  which  have  been  generally  adopted ;  his  numbers  being 
founded  on  his  own  analyses.  The  well-known  skill  and  talent  for  re- 
search of  this  celebrated  chemist,  afford  strong  presumptions  in  &voar 
of  the  accuracy  of  his  conclusions,  which  have  been  generally  con- 
firmed by  more  recent  experiments  of  Dr.  Turner,  Professor  of 
Chemistry  in  the  University  of  London.  This  gentleman  states,  as  the 
result  of  his  investigations,  that  **  without  denjring  the  possibility  of 
hereafter  tracing  some  simple  relation  between  the  equivalents  of 
bodies,  he  is  convinced  that  the  hypothesis  of  all  equioalents  being 
multiples  by  a  whole  number  rf  the  equivalent  of  hydrogen,  is  inconsistent 
with  the  best  analyses  which  chemists  at  present  possess."! 

The  best  tables  or  scales  of  chemical  equivalents,  therefore,  which 
have  been  hitherto  produced,  are  to  be  considered  as  by  no  means  per- 
fect, nor  in  the  present  state  of  our  knowledge  capable  of  being  ren- 
dered so ;  but  notwithstanding  their  admitted  defects,  they  may  be  pro- 
Tisionally  adopted,  as  affording  facilities  for  making  calculations  of  the 
contents  of  compound  bodies,  or  for  checking  the  results  of  experiment, 
by  reference  to  the  combining  proportions  of  bodies  which  have  been 
submitted  to  analysis. 

A  most  ingenious  and  useful  modification  of  the  system  of  atomic 
weights  was  contrived  by  Dr.  Wollaston,  constituting  his  Logometric 
SeaU  of  Ckemieal  Equivalmts.  It  is  similar  in  principle  to  the  common 
sliding  rule,  and  like  that  instrument,  has  the  usual  Gunter's  line,  or 
icale  of  logometric  numbers,  on  the  slider ;  and  upon  a  line  adjacent 

*  Introd.  to  the  Atomic  Theory,  p.  80. 

t  Second  Report  of  the  British  Association,  18SS,  p.  ft7S* 
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to  the  slider,  are  marked  certain  points,  corresponding  to  the  nnmlMre 
that  represent  the  combining  weights  of  the  yarioos  elementary  bodies* 
and  of  the  acids,  alkalies,  and  other  chemical  compounds.  Thas  it  is 
so  constnicted  that  when  the  number  10,  which  is  reckoned  the  atomio 
weight  of  oxygen,  stands  opposite  to  the  name  of  that  body,  hydrogen 
will  stand  opposite  1.25,  carbon  opposite  7.5,  nitrogen  opposite  17.5, 
iron  opposite  35.0,  and  sulphur  opposite  to  SO.  Hence,  if  we  wish  to 
know  how  much  of 'either  of  these  bodies,  as  for  instance,  iron,  will 
form  a  binary  combination  with  a  given  quantity  of  oxygen,  as  14.5, 
we  bring  that  number  on  the  slider  opposite  the  word  oxygen  in  the 
scale,  and  the  number  50  will  stand  opposite  the  word  iron ;  indi* 
eating  that  50  parts  by  weight  of  iron  will  combine  with  14f  of  oxygen 
to  form  protoxide  of  iron.  And  in  the  same  manner  it  will  be  seen 
how  much  of  any  other  body  will  combine  with  any  giren  quantity  of 
oxygen.* 

As  the  combining  atoms  of  bodies  bear  certain  relations  to  each  other 
by  weight,  so  likewise,  in  some  states  they  manifest  corresponding  re- 
lations as  to  bulk  or  yolume.  Not  long  after  Mr.  Dalton  in  £ngland 
had  directed  the  attention  of  chemists  to  the  relation  existing  between 
the  weights  of  bodies  which  combine  in  different  proportions,  MM* 
Gay  Lussac  and  Humboldt  in  France  established  a  similar  oorre* 
spondence  between  the  Tolumes  of  oxygen  and  hydrogen,  which  unit* 
together,  proving  that  they  combined  m  the  proportion  of  one  vohime 
of  the  first  to  two  of  the  second.  Shortly  after  the  French  philo- 
Bophers  extended  the  same  inference  generally  to  the  combinations  be» 
tween  g^ases ;  showing  that  they  united  in  the  exact  proportions  of  1  to- 
lume  of  the  one,  to  1,  2, 3,  or  some  other  whole  number  of  volumee  of 
the  second.  Thus  one  volume  of  carbonic  add,  and  one  volume  of  am«> 
monia,  form  carbonate  of  ammonia ;  one  of  nitrogen  and  three  of 
hydrogen  form  ammonia ;  one  of  chlorine  and  one  of  hydrogen  form 
muriatic  acid.  The  same  law  applies  to  vapoura,  such  as  those  of 
alcohol  and  ether,  as  well  as  to  true  gases.  M.  Gay  Lussac  even  ren« 
dered  it  probable  that  the  combinations  between  solids  and  gaaes 
follow  the  same  principle :  that  quantity  of  the  former  uniting  with 
one  or  more  volumes  of  the  latter,  which,  if  existing  in  the  form  of 
vapour,  would  have  occupied  a  correspondent  bulk.  Thus  carbon  6  and 

*  See  Paper  on  a  Synoptic  Scale  of  Chemical  Equivalents,  by  Dr.  WoU 
iston  ^  in  Fbilos.  Trans,  for  18U. 
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oaqrgto  16, b^ weight,  forai  ctrbonie acid;  hence  100  cubie  inches  of 
osygea  will  combine  with  12.7  grains  of  carbon.  For  100  cubic 
inches  of  ozjgen  weigh  33.8888  grains,  and,  as  16  :  6  : :  33.8888  : 
12.7.  Now  12.7  grains  of  carbon  maj  be  shown  to  occupy  when 
in  rapour  100  cubic  inches,  or  exactly  the  same  space  as  33.8888 
grains  of  oxygen,  so  that  the  combining  quantities  of  the  two  bodies 
correspond  in  rolnme  no  less  than  in  the  number  of  atoms  of  which  a 
▼olume  of  each  is  made  up. 

"When  aeriform  fluids  combine  together,  and  produce  by  their 
union  a  new  gas,  they  generally  contract  in  bulk,  or  occupy  less  space 
than  they  did  when  separate.  Now  M.  Gay  Lussac  found  that  when  this 
takes  place,  they  contract  either  to  one-half,  one-quarter,  one- third,  two- 
thirds,  or  some  other  quantity  bearing  an  exact  proportion  to  their  an* 
tecedent  bulk.  Thus  carbonic  oxide  2  rolumes,  witn  oxygen  1  rolume, 
form  together  2  volumes  of  carbonic  acid  gas,  there  being  a  contraction 
of  one-third;  3  volmnes  of  hydrogen  and  1  of  nitrogen,  form 
2  Tdumes  of  ammonia,  the  gases  contracting  to  one-half,  and  so  with 
the  rest."* 

These  facts  exhibit  the  doctrine  of  combining  quantities  in  a  new 
point  of  view,  and  aerye  to  corroborate  the  inferences  concerning  the 
atomic  constitution  of  bodies  drawn  from  the  consideration  of  the  rela- 
tions that  haye  been  ahown  to  subsist  between  the  weights  of  chemical 
eouiTalents.  When  we  attempt,  however,  to  reconcile  the  principle 
ot  combining  weights  with  that  of  combining  rolumes,  difficulties 
occur  which  can  only  be  completely  dissipated  by  future  researches. 
Thus  we  find  that  100  cubic  mchea  of  oxygen  gas  will  combine  with 
200  cubic  inches  of  hydrogen,  to  form  200  cubic  inches  of  aqueous 
vapour ;  so  that  the  quantity  of  the  hydrogen  in  water  by  measure,  is 
double  that  of  the  oxygen.  Hence  Sir  H.  Davy  concluded  that  an 
atom  of  water  consisted  of  2  atoms  of  hydrogen  and  1  of  oxygen ;  and 
therefore  that  the  atom  of  the  latter  should  be  represented  by  16,  that 
of  the  former  being  unity.  This  estimate  of  tiie  weight  ot  an  atom 
of  hydrogen  as  bemg  |^  that  of  an  atom  of  oxygen  is  inconsistent 
with  the  combining  proportions  of  hydrogen  in  other  cases,  and  it  has 
consequently  been  rejected,  while  that  orieinaUy  proposed  by  Dr. 
Dalton,  which  rates  the  two  volumes  of  hydrogen  as  one  atom,  has 
been  preferred  in  making  computations.    Dr.  Prout,  however,  is  dis« 

*  Daubeny's  Introd.  to  the  Atomic  Theory,  pp.  46, 4f  • 
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posed  to  adhere  ligorously  to  tbe  principle  of  equivalent  volumes 
rather  than  that  of  combining  weights.  He  says,  "  It  has  been  found 
bj  experiment,  that  the  same  volumes  of  different  bodies  in  the 
gaseous  states  have  very  different  weights.  Thus,  for  instance,  a 
volume  of  oxygen  weighs  sixteen  times  as  much  as  the  same  rolume 
of  hydrogen.  Hence,  as  the  number  of  self-repulsive  molecules 
in  each  of  these  gases  is  presumed  to  be  the  same,*  the  weight  of  the 
self-repulsive  molecule  of  oxygen  must,  of  course,  be  sixteen  times 
greater  than  that  of  hydrogen  ;  and  generally,  the  weights  of  the  self- 
repulsive  molecules  of  all  bodies,  will  be  as  the  specific  gravities  of 
these  bodies  in  the  gaseous  state,  or  will  bear  certain  simple  relations 
to  these  specific  gravities."t  He  subsequently  remarks,  that  "  a 
etrictly  philosophical  arrangement,  supposing  the  principles  we  have 
advanced  to  be  well  founded,  would  require  that  the  volume  in  all  tn- 
stances  skovld  be  made  the  molecular  unit ;  in  which  case  the  relative 
weights  of  the  self-repulsive  molecules  of  hydrogen  and  oxygen,  as 
above  mentioned,  will  be  as  1  to  16."t 

From  the  doctrine  of  relations  between  combining  atoms  or  self- 
vepulsive  molecules  and  combining  volumes  adopted  by  Dr.  Prout,  it 
will  directly  follow,  as  he  observes,  that  the  atoms  of  bodies  will  he 
as  their  specific  gravities,  or  have  certain  relations  to  their  specific 
gravities.  Hence  the  determination  of  tbe  exact  specific  gravities  of 
die  gases  is  of  tbe  utmost  importance.  Unfortunately  in  the  results 
hitherto  obtained  from  their  experiments  and  calculations,  chemists 

*  The  presumption  that  equal  volomes  of  different  gases  contain  exactly 
the  same  number  of  atoms,  is  founded  chiefly  on  a  law  propounded  by 
Hariotte,  that  the  volume  of  any  gas  is  invers^y  as  the  pressure  applied  to 
it}  since  it  is  supposed  that  if  the  number  of  atoms  in  eadi  gas  was  not  the 
same,  the  law  of  diminution  of  volume  under  pressure  would  vary  with 
respect  to  the  different  gases.  It  appears,  however,  from  the  must  exact  expe- 
riments, that  this  law  strictly  applies  only  to  the  permanent  gases,  as  oxygen* 
hydrogen,  and  nitrogen,  which  cannot  be  reduced  to  the  liquid  state  by  exto'eme 
pressure  and  low  temperature ;  and  these  gases  at  any  given  temperature  dl* 
minish  in  volume  under  pressure  in  the  same  ratio  with  atmospheric  air.  Bat 
sulphurous  acid  and  other  condensable  gases,  submit  to  pressure  more  readily 
than  common  air.  V.  Mitscherlich's  Introduction  to  Chemistry,  vol.  i.  p, 
131;  and  Johnston's  Report  on  Chem.  Science  to  the  British  Association* 
1882,  PP*  480. 421.  451.  Hence  it  must  be  admitted,  that  Mariotte's  law,  while 
it  fti"«  with  respect  to  condensable  gases  or  vapours,  at  least  holds  good  with 
regard  to  oxygen  and  hydrogen. 

t  Dr.  Prouf  s  Chemistry,  Meteorology,  &c.,  p.  134. 

t  Id.  p.  19ft* 
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•gree  m  litde  in  their  estimatM  of  specific  g^yities,  as  in  those  of 
atomic  weights.  Till  these  can  be  ultimately  determined  through  the 
continued  researches  of  philosophical  inquirers,  we  must  employ  the 
most  accurate  approximations  which  can  be  dedaced  from  the  informa- 
tion already  obtained.  In  this  point  of  view  the  following  table  of  the 
specific  gpranties  of  aerial  bodies,  from  Brande*s  Journal  of  Science, 
Tol.  iiio  is  deserring  of  attention.  It  was  drawn  up  by  Professor 
Meineoke,  of  Halle,  in  Saxony,  from  stoechiometric  calculations, 
founded  on  the  comparison  of  the  experiments  of  various  chemists  on 
the  different  elastic  fluids. 

Table  of  the  Specific  Gravities  of  Gases  and  Vapours* 


1.  Hydrogen  gas     ..... 

2.  Protocarburetted  hydrogen  gas 

3.  Azotated  hydrogen  gas,  or  ammonia 

4.  Vapour  of  the  protoxide  of  hydrogen,  or  aqueoos'i 

▼apoor  .  .       / 

6.  Vapour  of  hydrocyanic  acid,  or  prossic  acid 

6.  Gaseous  protoxide  of  carbon,  or  carbonic  oxide 

7.  Percarboretted  hydrogen  gas,  or  olefiant  gas 

8.  Azote,  or  nitrogen  gas  .  .  •       . 
0.  Atmospheric  air                .... 

10.  Gaseous  deutoxide  of  azote,  or  nitrous  gas 

11.  Oxygen  gas         .  .  .  .  . 

15.  HydroBulphuric  gas,  or  snlphmretted  hydrogen 
18.  Hydrochloric  gas,  or  muriatic  add  gas        . 

14.  Carbonic  acid  gas      .  .  .  •       . 

16.  Gaseous  protoxide  of  azote,  or  nitrous  oxide 
10.  Alcoholic  vapour 

17.  Vapour  of  cyanogen        .... 

18.  Chlorocyanic  acid  vapour       •  .  •       . 

19.  Sulphurous  acid  gas  .... 
90.  Chlorine  .  •  .  ... 
81.  Ethereal  vapour 

•28.  Nitrous  acid  vapour  .  .  .       . 

38.  Percarbnret  of  sulphur,  or  snlphuret  of  carbon 
u.  Carbochloric  acid,  or  phosgene  gas 
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6.Tbe  object  of  this  law  of  chemical  affinity  is  to  detennine  the 
influence  of  circumstances  on  the  combination  of  bodies  with  each 
other.  (1.)  With  respect  to  those  cases  where  compounds  are  formed 
from  the  mere  mixture  of  their  constituent  parts,  but  few  observations 
will  be  requisite.  Some  bodies  exert  no  action  on  each  other,  when  placed 
in  ccmtact  under  any  given  conditions ;  and  therefore,  so  far  as  our. 
knowledge  extends,  are  to  be  considered  as  incapable  of  union.  The 
simple  bodies  in  general  hare  a  strong  tendency  to  combine  together ; 
but  when  two  compound  bodies  are  intermixed,  it  will  frequently 
happen  that  instead  of  forming  a  mingled  mass  or  a  single  chenucaL 
compound,  they  will  decompose  each  other.  Among  the  circumstances 
that  facilitate  the  union  of  bodies  are  intermixture  and  augmentation  of 
.temperature,  the  effects  of  which  have  been  noticed  in  treating  of  the 
becond  and  third  laws  of  affinity. 

(2.)  In  the  case  of  single  elective  attraction,  exhibited  in  the  de- 
composition of  a  compound  body  when  a  simple  body  is  presented  to 
it,  the  phenomena  vrill  depend  on  the  relative  affinity  of  the  latter  for 
one  of  the  elements  of  the  former.  The  series  of  decompositions  ad- 
duced to  exemplify  the  first  law  of  chemical  affinity  may  be  referred  to 
as  exhibiting  to  a  certain  extent  the  relative  affinities  of  the  several 
bodies.  The  law  of  elective  attraction  on  which  such  decompositions 
depend  is,  however,  subject  to  some  important  modifications.  It  has 
been  stated,  that  lime  separates  ammonia  from  its  combination  with 
sulphuric  acid.  (See  p.  23.)  *'  Bergmann  conceived  that  such  de- 
oompositions  were  solely  determined  by  chemical  attraction,  and  that* 
consequently,  the  order  of  decomposition  represented  the  comparative 
forces  of  affinity :  and  this  view,  from  the  simple  and  natural  explana* 
tion  it  afforded  of  the  phenomenon,  was  for  a  time  very  generally 
adopted.  But  Bergmann  was  in  error.  It  does  not  necessarily  follow, 
because  lime  can  separate  ammonia  from  sulphuric  acid,  that  the  lime 
has  a  greater  attraction  for  the  acid  than  the  volatile  alkali.  Other 
causes  are  in  operation  which  modify  the  action  of  affinity  to  such  a 
degree,  that  it  is  impossible  to  discover  how  much  of  ue  effect  is 
owing  to  that  power.  It  is  conceivable  that  the  ammonia  may  in 
reality  have  a  stronger  attraction  for  sulphuric  acid  than  lime,  and  yet 
the  lime,  from  the  great  influence  of  disturbing  causes,  might  succeed 
in  decomposing  sulphate  of  ammonia.  The  justice  of  the  foregoing 
remark  will  be  made  obvious  by  the  following  example :  When  a  stream 
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of  Bydrogen  gas  is  passed  over  the  oxide  of  iron  heated  to  redness,  it 
deprives  ihe  iron  of  its  oxygen  entirely,  comhining  with  it  so  as  to 
form  water.  On  the  contrary,  when  watery  vapour  is  brought  into 
contact  with  red-hot  metallic  iron,  the  oxygen  of  the  water  quits  the 
hydrogen,  and  combines  with  the  iron.  It  follows,  from  the  result  of 
the  first  experiment,  according  to  Bergmann,  that  hydrogen  has  a 
stronger  attraction  for  oxygen  than  iron  has ;  and  from  the  second* 
^at  iron  has  a  greater  affinity  for  oxygen  tlum  hydrogen  has.  But 
these  inferences  are  incompatible  with  each  other.  The  affinity  of 
hydrogen  for  oxygen  must  be  either  equal  to  that  of  iron,  or  greater, 
or  less.  If  the  first  is  the  case,  then  the  result  of  both  experiments 
was  determined  by  modifying  circumstances;  since  neither  of  these 
substances  ought,  on  this  supposition,  to  take  oxygen  from  the  other* 
If  the  second,  then  the  decomposition,  in  one  of  the  experiments^ 
must  have  been  determined  by  extraneous  causes,  in  direct  opposition 
to  the  tendency  of  affinity."* 

The  fallacy  of  Bergmann's  inferences  relative  to  the  absolute  efieol 
of  affinity  in 'the  production  of  chemical  decompositions  was  first 
pointed  out  by  BerthoUet,  who  demonstrated  that  tables  of  decompo- 
sition cannot  be  considered  as  indicating,  under  all  circumstances,  the 
order  of  affinity  of  bodies.  He  also  showed,  that  the  action  of  affinity 
is  modified  by  various  causes,  of  the  operation  of  which  in  a  variety  of 
cases  he  gave  a  consistent  explanation.  Iliat  philosopher,  however, 
OTerrated  the  influence  of  occasional  causes  on  the  phenomena  of  de« 
composition,  when  he  attributed  them  to  such  causes  only,  denying 
the  existence  of  elective  affinity  as  an  invariable  force.  Dr,  Turner 
observes,  "  That  chemical  attraction  is  exerted  between  bodies  with 
different  degrees  of  energy  is  indisputable.  Water  has  a  much  greater 
affinity  for  muriatic  acid  and  ammoniacal  gases  than  for  carbonic  acid 
and  sulphuretted  hydrogen,  and  for  these  than  for  oxygen  and  hydro- 
fen.  The  attraction  of  lead  for  oxygen  is  greater  than  that  of  silver 
tor  the  same  substance.  The  disposition  of  gold  and  silver  to  combine 
with  mercury  is  greater  than  the  attraction  of  platinum  and  iron  for 
that  fluid.  As  these  difierences  cannot  be  accounted  for  by  the  opera- 
tion of  any  modifying  causes,  we  must  admit  a  difference  m  the  force 
of  affinity  in  producing  combination.    It  is  equally  clear,  that  in  som^ 

*  Dr.  Tnmer't  Smnents  of  Chemistry,  4th  ed.  1833,  pp.  iQT,  i08« 
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instances  tbe  separation  of  bodies  from  one  another  can  only  be  ex- 
plained on  tbe  same  principle.  No  one,  I  conc^re,  will  contend  that 
the  decomposition  of  hjdriodic  acid  by  chlorine,  or  of  sulphuretted 
hydrogen  by  iodine,  is  determined  by  the  concurrence  of  any  modi- 
fying  circumstances/'* 

(S.)  Complex  elective  attraction  differs  from  that  already  described, 
in  exhibiting  a  more  complicated  play  of  affinities ;  and  hence  it  is  ia 
such  cases  that  anomalous  appearances  occur,  from  the  influence  of 
disturbing  causes.  Compounds  may  be  decomposed  by  means  of 
<9omplex  affinity  when  they  resist  the  operation  of  simple  affinity. 
Thus  nitric  acid  alone  will  not  decompose  sulphate  of  soda,  for  the 
sulphuric  acid  combined  with  the  soda  has  a  stronger  affinity  for  that 
alkali  than  the  nitric  acid  ;  but  if  a  solution  of  nitrate  of  barytes,  or 
the  compound  of  nitric  acid  with  the  earth  called  barytas,  be  added  to 
a  solution  of  sulphate  of  soda,  a  double  decomposition  will  take  place, 
the  sulphuric  acid  quitting  the  soda  to  unite  with  the  barytes,  and  the 
nitric  acid  separating  from  the  earth  to  combine  with  the  alkali ;  and 
the  result  will  be  two  new  compounds,  namely,  sulphate  of  barytes 
and  nitrate  of  soda.  Such  processes  of  complex  affinity  may  be  con- 
yeniently  exhibited  by  means  of  a  diagram,  which  appears  to  hare 
been  first  employed  by  Dr.  Black.  The  result  of  the  decompositions 
just  described  might  be  thus  represented : 

Nitric  Acid fiarytes 


Sulphuric  Acid Soda 

*  Elements  of  Chemistry,  p.  108. 
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Id  any  giyen  case,  the  relative  affinities  of  the  substances  for  each 
other  may  be  denoted  by  numbers.  When  two  salts  are  brought  within 
the  sphere  of  mutual  action,  they  will  oot  become  decomposed,  unless 
the  affinities  which  tend  to  form  new  compounds  are  superior  to  those 
which  tend  to  keep  the  constituents  of  the  original  compounds  united. 
Mr.  Kirwan  adopted  the  term  divelUnt  affinity,  to  signify  that  attrac- 
tion which  favours  decomposition;  and  quiescent  affinity,  for  that 
which  opposes  a  change  of  state. 

The  effect  of  peculiar  circumstances  on  complex  affinity  may  be 
observed  when  carbonate  of  lime  is  mixed  with  muriate  of  ammonia, 
and  the  two  salts  in  a  dry  state  are  exposed  to  heat ;  double  decompo- 
sition takes  place,  and  carbonate  of  ammonia  and  muriate  of  lime  axis 
produced :  and,  on  the  contrary,  if  a  solution  of  carbonate  of  ammonia 
in  water  be  mixed  with  a  solution  of  muriate  of  lime,  decomposition 
will  also  take  place,  the  lime  will  unite  with  the  carbonic  acid,  and 
the  ammonia  will  enter  into  combination  with  muriatic  acid.  The  de* 
composition  which  occurs  in  this  case,  however,  is  more  extensive 
than  might  at  first  be  suspected.  What  is  called  muriate  of  lime  is 
really  a  chloride  of  calcium,  or  the  metal  which  forms  the  basis  of 
lime.  Now,  when  carbonate  of  lime  and  muriate  of  ammonia  are 
heated  together,  both  the  lime  and  the  muriatic  acid  are  decomposed, 
the  oxygen  of  the  lime  and  the  hydrogen  of  the  acid  being  driven  off ; 
while  the  metallic  calcium  enters  into  union  with  the  chlorine  from 
the  muriatic  acid,  and  the  carbonic  acid  which  was  united  with  the 
lime  combines  with  the  ammonia.  The  decomposition  of  the  carbo- 
nate of  ammonia  and  chloride  of  calcium,  by  mixing  their  solutions, 
may  be  similarly  explained ;  for  the  chloride  of  calcium  decomposee 
water,  the  oxygen  of  which  combines  with  the  metal  to  form  lime,  and 
the  hydrogen  unites  with  the  chlorine  thus  set  free  to  form  muriatic 
acid,  which  separates  the  carbonic  acid  from  the  ammonia  to  combine 
with  it,  leaving  the  latter  acid  to  form  a  union  with  the  lime. 

Another  case  of  reciprocal  decomposition  may  here  be  mentioned, 
which  does  not  so  reaidily  admit  of  explanation.  Sir  H.  Davy  has 
remarked,  that  "  in  many  cases,  decompositions  that  cannot  be*  pro- 
duced by  single  attractions,  may  be  produced  by  double  affinities. 
Thus  the  elements  of  sulphate  of  barytes,  or  the  combination  of  sul- 
phuric acid  with  the  earth  called  barytes,  are  so  firmly  united,  that  no 
alkali,  nor  earth,  will  separate  the  acid  from  the  barytes.    Potash, 
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which  has  a  yety  ttnmg  attraction  for  the  acid,  will  'not  decompose  it 
alone ;  hut  if  potash  eomhined  with  oarhonic  acid  he  digested  for  some 
time  with  powdered  sulphate  of  baiytes,  there  is  a  double  decomposi- 
tion; and  comhinations  of  sulphuric  acid  and  potash,  and  carbonic 
acid  and  barytas,  are  formed/'*    It  appears,  however,  from  experi- 
ment, that  not  only  may  the  decomposition  stated  take  place  to  a  cer- 
tain-extent, but  that  likewise,  undir  nmitar  dreunutancet,  sulphate  of 
potash  will  decompose  carbonate  of  barytes.    Mr.  Richard  Phillips 
Ibund,  that  on  boiling  100  parts  of  sulplmte  of  barytes  and  59  parts 
of  carbooate  of  potash,  for  two  hours,  m  four  ounces  of  water,  more 
being  added,  from  time  to  time,  to  supply  the  loss  from  eyaporation, 
SS  parts  only  of  the  sulphate  of  barytes  were  decomposed,  producing 
19.5  of  carbonate  of  barytes.    As  the  conrerse  of  this  experiment,  he 
then,  in  the  same  manner,  boiled  85  parts  of  carbonate  of  barytes  with 
T4  of  sulphate  of  potash,  and  found  that  57  parts  of  the  carbonate  were 
decomposed,  yielding  67  parts  of  sulphate  of  barytes.    From  these 
and  other  experimentB,  Mr.  Phillips  infers  that  the  complete  decompo- 
sition of  the  salts,  in  either  case,  is  preyented  by  the  reproduction, 
during  the  process,  of  the  insoluble  compounds.!     M.  Dulong  had 
been  preyiously  engaged  in  researches  on  the  same  subject,  from 
which  were  drawn  the  following  conclusions:   1.  That  all  the  in- 
soluble salts  are  decomposed  by  the  carbonates  of  potash  or  soda ;  bat 
that  a  complete  exchange  of  principles  of  these  salts  cannot  take  place. 
8.  That  all  the  soluble  salts,  of  which  the  acid  forms  with  the  base  of 
the  insoluble  carbonate  an  inaoluble  salt,  are  decomposed  by  these 
carbonates,  until  the  decomposition  has  reached  a  certain  limit,  which 
it  cannot  pass.^ 

7.  It  has  been  remarked,  in  the  discussion  of  the  preceding  law  of 
chemical  affinity,  that  when  compound  bodies  are  brought  within  the 
sphere  of  each  other's  action,  uiey  may  be  mutually  (^composed,  or 
they  may  combine  to  form  sur-compounds.  This  last  result  is  what 
takes  place  when  acids  unite  with  metallic  oxides  to  constitate  adts. 


*  SlementB  of  Chemical  Philosophy,  p.  lOS. 

t  See  paper  "  On  an  Anomalous  Case  of  Chemical  Aflnity,"  by  R.  PhUlipa, 
in  Jour,  of  Science,  ed.  at  R.  I.,  vol.  i. 

t  See  Annales  de  Chimie,  yol.  Ixxii.  j  and  Or.  Urs's  Diet  of  Ghemistry, 
art.  ATTsAcnoif. 
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or  when  oils  and  alkaiies  are  united  to  form  soaps.  Hence  a  diatinc- 
tbn  of  bodies  has  been  made  into  primary  compounds  and  teeondary 
eompoundt ;  and  these  again  hare  been  rariously  snbdiWded  by  ays* 
tematic  writers.  The  primary  compounds  are  not  all  formed  by  the 
simple  union  of  two  bodies :  those  which  are  thus  constituted  may  be 
termed  binary  compounds,  which,  next  to  the  simple  bodies  them* 
selves,  are  of  the  utmost  importance.  Next  to  these  may  be  placed 
the  primary  compounds  with  double  bases ;  such  as  the  tartaric,  citric, 
malic,  and  other  acids,  in  which  hydrogen  and  carbon  unite  to  form 
the  respective  bases,  which  combine  with  oxygen ;  the  prussic  or 
hydrocyanic  acid,  consisting  of  cyanogen,  a  compound  of  carbon  and 
nitrogen,  acidified  by  hydrogen ;  and  an  acid  which  has  been  termed 
the  hydrozanthic,  the  base  of  which  is  carbon  and  sulphur,  as  in  the 
last  case,  acidified  by  hydrogen. 

The  primary  compounds  may  be  systematically  arranged  in  three 
principal  classes :  1.  Acids;  i.  Bases;  andS.  Neutrals. 

The  term  Acid  was  formerly  used  to  denote  certain  substances  cha- 
racterised b^  their  sour  taste,  the  property  of  changing  the  blue  colour 
of  regetables  to  red,  and  that  of  combining  with  tdktdies  and  certain 
earths  to  form  salts,  or  as  they  were  termed  neutral  salts :  all  the 
bodies  regarded  as  acids  being  liquids,  or  else  gases  or  solids, 
capable  of  being  readily  reduced  to  the  liquid  form,  by  uniting 
with  water.  Lavoisier  having  found  that  some  of  the  most  powerful 
of  the  acids,  as  the  sulphuric  and  the  nitric,  were  composed  or  certain 
bodies  united  to  a  large  proportion  of  oxygen,  concluaed  that  oxygen 
was  the  general  acidifying  principle,  and  therefore  considered  all 
acids  as  compounds  containing  an  excess  of  oxygen.  This  doctrine 
was  rendered  untenable  by  Uie  discovery  of  properties  regarded  aa 
characteristic  of  acids  ^such  as  the  reddening  of  vegetable  blues,  and 
the  formation  of  salts  with  alkalies),  in  the  compound  of  sulphur  with 
hydrogen,  or  sulphuretted  hydrogen ;  and  by  the  discovery  of  Davy 
relative  to  the  nature  of  cluorine,  and  the  constitution  of  muriatic  or 
hydrochloric  acid.  Subsequent  researches  have  furnished  reasons  for 
extending  the  appellation  of  acid  to  certain  compounds  of  chlorine, 
iodine,  bromine,  fluorine,  hydrogen,  sulphur,  selenium,  and  some  of 
the  metala ;  and  the  acids  containing  oxygen  have  been  styled  oxacids^ 
by  way  of  distinction.  On  the  same  principle  have  been  formed  the 
Wfns  chloraoids,  iodacids,  bromaeioa,  flaoraoids,  hydracids,  sul- 
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pharacids,  &o*  Bat  the  state  of  science  at  present  hardly  enables  vtm 
to  discriminate  properly  between  such  of  the  various  combinations  <^ 
the  simple  substances  above  mentioned  as  correspond  with  the  acid 
compounds  of  oxygen,  and  those  corresponding  with  the  oxides. 

The  primary  compounds  called  Bases  include  such  as  hare  been 
heretofore  termed  alkalies,  earths,  and  metallic  oxides.  The  alkalies, 
except  ammonia,  are  now  known  to  be  oxides ;  three  of  the  four  alka- 
lies with  simple  bases,  lithia,  potash,  and  soda,  being,  oxides  of  certain 
metals,  and  the  other,  ammonia,  a  combinaticm  of  hydrc^n  with  nitro- 
gen, which  might  therefore  be  styled  nitroguret  of  hydrogen.  Besides 
these,  there  are  a  number  of  newly^discovered  alkalies,  haying  com- 
pound bases,  ana  chiefly  procurable  from  vegetable  substances,  aa 
morphine,  from  opium ;  strychnin,  trom  nux  vomica  *.  and  cinchonin 
and  quinine,  from  Peruvian  bark.  Such  of  these  alkalies  as  have  been, 
imalyzed  are  found  to  be  oxides  with  bases  composed  of  various  pro- 
portions of  hydrogen  and  carbon,  and  in  some  cases  of  hydrogen,  car-- 
bon,  and  nitrogen.  The  earths,  like  most  of  the  alkalies  with  simple 
bases,  are  metallic  oxides.  Silica,  however,  long  classed  among  the 
earths,  though  a  compound  of  oxygen  with  a  simple  base,  differs  fronk 
the  rest  in  various  respects,  acting  the  part  of  an  acid  in  the  formatioa 
of  the  numerous  mineral  compounds  in  which  it  is  contained. 

Among  the  primary  compounds,  those  termed  chlorides,  iodides, 
bromides,  &c.,  with  most  of  which  we  are  yet  but  very  imperfectly  ac- 
quainted, will  nevertheless  probably  prove  to  be  an  interesting  and 
important  class  of  bodies ;  and  this  will  hardly  be  questioned  when  it 
is  considered  that  chloride  of  sodium,  or  common  salt,  and  chloride  of 
-calcium,  improperly  called  muriate  of  lime,  are  among  the  bodies  in 
question. 

Of  the  primary  compounds  tertned  Neutrals  it  will  be  sufficient  here  to 
state,  that  Dr.  Thomson  has  arranged  them  under  seven  heads,  namelj, 
water,  alcohol,  volatile  oil,  fixed  oil,  bitumen,  and  ethal,  an  oleose  kind 
of  matter  which  Chevreul,  a  French  chemist,  procured  from  spenna* 
ceti. 

The  most  important  of  the  secondary  or  sur-compounds,  are  those 
arising  from  the  combination  of  acids  with  bases.  Those  best  known 
are  the  compounds  of  the  oxacids  with  the  alkalies  with  simple  bases* 
or  with  certain  of  the  earths  and  metallic  oxides.  As  examples  may 
be  mentioned,  sulphate  of  soda  (Glauber  salt),  nitrate  of  potash  (aUt« 
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petre),  sulphate  of  magnesia  (Epsom  salt),  and  acetate  of  lead  (sugar 
of  lead).  All  these,  as  well  as  many  others  that  might  be  named,  are 
readily  soluble  in  water  ;  thus  corresponding  with  the  popular  notion 
of  salts.  But  other  compounds  of  acids  and  metallic  oxides  are 
insoluble,  as  carbonate  of  lime  (chalk),  sulphate  of  barjtes  (pon- 
derous spar),  sulphate  of  lead,  and  phosphate  of  mercury.  Some 
salts  haye  compound  bases,  as  alum,  which  is  a  sulphate  of  potash  atfd 
alumine ;  nitrate  of  ammonia  and  magnesia,  phosphate  of  ammonia 
and  soda,  sulphate  of  ammonia  and  oxide  of  iron,  muriate  of  ammonia 
and  magnesia,  6cc.  The  acids  with  compound  bases  also  unite  with 
the  alkaline  and  other  bases  to  form  salts.  Of  this  description  are  the 
sulpho-cyanate  of  lime,  the  salts  formed  by  the  prussic  acid,  and  the 
numerous  salts  formed  by  the  acetic,  tartaric,  and  other  hydro-carbonous 
acids. 

It  was  from  the  analysis  of  the  neutral  salts,  and  the  observation  of 
the  relation  of  the  combining  quantities  of  the  various  salts  to  each 
other,  that  Wenzel  and  Richterwere  led  to  those  speculations  on  che- 
mical affinities,  which  furnished  a  foundation  for  the  more  extensive 
researches  of  Dalton,  Berzelius,  and  other  philosophers,  relative  to  the 
theoiy  of  definite  proportions.  As  binary  compounds  consist  of  cer- 
tain numbers  of  atoms  or  equivalents  of  their  constituent  parts,  so 
when  they  enter  iuto  new  combinations,  forming  sur-compounds,  they 
unite  in  proportions  which  bear  certain  relations  to  the  combining 
numbers  of  those  constituents.  Thus  the  combining  numbers  or  equi* 
Talents  of  compound  bodies,  as  salts,  are  the  sums  of  those  of  the 
acids  and  bases  of  which  they  are  formed.  As,  for  instance,  potash 
consists  of  potassium,  atomic  weight  40,  and  oxygen,  atomic  weight  8, 
and  as  it  contains  an  atom  of  each,  its  combining  number,  or  atomic 
weight  is  48  ;  so  sulphuric  acid  is  composed  of  sulphur,  atomic  weight 
16,  and  oxygen  8,  and  consisting  of  one  atom  of  sulphur  to  three  of 
oxygen,  its  atomic  weight  must  beSx  8=:  24  -{-16=740;  hence 
aulphate  of  potash  will  have  for  its  combining  weight  48  -j-  40  =  88. 
llie  atomic  weights  or  combining  proportions  of  other  salts  are  in  the 
same  manner  derived  from  those  of  their  constituents ;  and  when  they 
enter  into  new  chemical  combinations,  such  always  take  place  wim 
reference  to  their  atomic  weights,  or  multiples  of  those  weights. 

Berzelius  concludes,  from  numerous  experiments  on  a  vast  variety 
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of  bodies,  that  the  law  of  combination  by  definite  proportionB,  perradet 
the  whole  of  nature*  and  that  it  extends  not  only  throughout  the  pro- 
ductions of  the  mineral  kingdom,  but  also  to  those  derired  irom 
animals  and  yegetables. 

SIMPLE  BODIES  AND  THEIR  PRIMARY  COMPOUNDS* 

Among  those  that  are  considered  as  elementary  bodies,  there  are 
many  that  seem  to  be  of  little  importance  in  the  economy  of  nature, 
since  they  are  never  found  in  an  uncombined  state;  and  from  th» 
most  recent  researches  of  chemists,  it  may  be  concluded  that  they 
exist  but  in  minute  quantities  in  their  several  compounds.  It  is  froia 
the  union  of  a  few  elementary  or  simple  substances,  that  the  vast 
varietur  of  the  forms  of  matter  observable  in  the  animal,  vegetable,  and 
mineral  kingdoms  are  chiefiy  produced.  Organized  bodies,  though 
their  proximate  elements  are  often  the  result  of  complicated  combina- 
tions,  yet  the  ultimate  products  of  their  analysis  are  generally  few  in 
number.  Vegetables,  when  their  complete  decomposition  is  effecled. 
are  found  to  consist  principally  of  oxygen,  hydrogen,  and  carbon  ; 
and  animal  matter,  when  submitted  to  the  crucible  of  the  chemist, 
hardly  yields  a  greater  variety  of  products,  being  chiefly  distinguish- 
able from  vegetable  substances,  as  affording  nitrogen  or  azote,  in  ad- 
dition to  the  simple  bodies  just  mentioned.  It  is  true  that  sulphur, 
phosphorus,  and  some  of  the  metals,  as  iron  and  manganese,  somedmea 
enter  into  the  composition  of  both  animals  and  vegetables,  but  in  rela> 
tively  small  quantities.  In  the  mineral  kingdom,  a  more  copious 
variety  of  ultimate  products  occurs,  including,  of  course,  those  simple 
bodies  which  are  not  found  in  animals  or  vegetables.  But  even 
here  the  ultimate  elements  of  the  great  masses  which  constitute  the 
mineral  crust  of  the  terrestrial  globe  are  so  distributed,  that  a  re- 
latively small  number  of  them  only  enter  into  the  composition  of  the 
most  abundant  and  widely  distributed  compounds.  Some  interesting 
speculations  on  the  relative  quantities  of  the  simple  substances  con- 
tained in  the  earth's  crust,  have  been  advanced  by  Mr.  De  la  Beche. 

"  The  principal  substances  entering  into  the  chemical  composition 
of  our  planet's  surfSnce  may  be  classed  in  the  following  orderji  accord* 
ing  to  Uie  respective  importance  of  each ; 
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Simj^  NotMnetallic  Subttanetu 


1.  Oxygen       |  3.  Nitrogen   I  5.  Sulphar 

2.  Hydrogen    |  4.  Carlxm      |  6.  Qhlorine 


7.  Fluorine 

8.  Phosphoms. 


Metallie  Bases  of  the  Alkalies  and  Earths. 


1.  Siliciom* 

2.  Aluminum 


3.  Potassium      I      5.  Magnesium 

4.  Sodium  6.  Calcium. 


MetaUt  the  Oxides  of  which  are  neither  Earths  nor  Alkalies. 
1.  Iron  I  2.  Manganese. 

"  It  would  appear,  therefore,  that  sixteen  substances,  commonly 
considered  simple,  constitute,  by  their  various  combinations,  if  not 
entirely,  at  least  by  far  th,e  largest  amount  of  all  the  matter  which, 
either  gaseous,  liquid,  or  solid,  oi^anic  or  inorganic,  is  known  to  exist 
on  the  surface  of  the  earth/'t 

Since,  then,  these  bodies,  through  their  relative  affinities,  exercise  so 
extensive  an  influence  over  that  portion  of  the  universe  witii  which  we 
are  acquainted,  they  obviously  claim  the  fullest  investigation,  with 
respect  to  their  individual  properties  and  several  combinations.  Some 
of  those  bodies,  however,  which  are  comparatively  rare,  are  stiU,  on 
various  accounts,  curious  and  interesting ;  and  all  the  simple  sub- 
stances require  some  further  notice.  The  remainder  of  this  treatise, 
therefore,  wiU  contain  a  brief  account  of  the  chemical  properties  of 
the  simple  bodies  of  both  classes,  and  of  those  of  their  most  important 
compounds. 

Tabu  of  Binary  Compounds  of  the  Non-metaUic  Elements. 
Chlorine. 

Protoxide,  1  Ch.  1  Ox. 
Peroxide,  1  Ch.  4  Ox. 
Chloric  Acid,  1  Ch.5  Ox. 
Oxychloric  Acid,  1  Ch.  7  Ox. 
Muriatic  Acid. 

*  Mr.  De  la  Beche  ranks  the  base  of  siliceous  earth  among  the  metals;  but 
Berzelins  and  other  recent  writers  reckon  it  among  the  non-metallic  elements. 
Sec  p.  17' 

t  Researches  on  Theoretical  Geology,  1834,  pp.  28,  S4. 

f2 
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Iodine. 

Iodic  Acid,  1 1. 5  Ox. 
Cfaloriodic  Acid,  2  1. 1  Cb, 

Bromine. 

Bromic  Acid,  1  Br.  5  Ox, 
Chloride  of  Bromine. 

Fluorine. — Hydrofluoric  Aetd* 

Hydrogen, 

Water,  1  H.  1  O. 
Peroxide  of  Hydrogen,  1  H.  2  Ox. 
Muriatic  Acid,  1  H.  1  Ch. 
Hydriodic  Acid,  1  H.  1 1. 
Hydrobromic  Acid,  1  H.  1  B. 
Hydrofluoric  Acid,  1  H.  1  F. 

Nitrogen. 

Atmospbenc  Air. 

Nitrous  Oxide,  1  N  •  1  Ox. 

Nitric  Oxide,  1  N.  2  Ox. 

H3rponitrou8  Acid,  1  N.  3  Ox. 

Nitrous  Acid,  1  N.  4  Ox. 

Nitric  Acid,  1  N.  5  Ox. 

Chloride  of  Nitrogen,  1  N.  3  Ch. 

Iodide  of  Nitrogen,  1  N.  3  I. 

Ammonia,  or  Nitroguret  of  Hydrogen,  1  N.  3  H. 

Carbon.  « 

Carbonic  Oxide,  1  C.  1  Ox. 
Carbonic  Acid,  1  C.  2  Ox. 
Oxalic  Acid,  2  C.  3  Ox. 
Protocbloride  of  Carbon,  1  C.  1  Ch, 
Perchloride  of  Carbon,  2  C.  3  Ch. 
Iodide  of  Carbon,  1  C.  1  I. 
Sesqui-iodide  of  Carbon,  2  C.  3  I. 
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Carbon  continued. 

Bromide  of  Carbon. 

Subcarburet  of  Hydrogen,  1  C.  2  H. 

Carbaret  of  Hydrogen,  2  C.  2  H. 

Bicarburet  of  Hydrogen,  3  C.  1  H. 

Quadricarburet  of  Hydrogen,  4  C«  4  H. 

Naphtha. 

Caoutchouc 

Cyanogen,  2  C.  1  N. 

Boron. 

Boracic  Acid,  1  B«  2  Ox. 
Chloride  of  Boron,  1  B.  2  Ch^ 
Fluoride  of  Boron,  1  B.  3  F« 

Silicon. 

Silez  or  Silicic  Acid,  1  Si.  3  Ox. 
Chloride  of  Silicon. 
Fluoride  of  SiUcon,  1  Si.  1  F. 

Phosphorus. 

Phosphorous  Acid,  2  Ph.  3  Ox. 
Phosphoric  Acid,  2  Ph.  5  Ox. 
Hypophosphorous  Acid,  2  Ph.  1  Ox. 
Chloride  of  Phosphorus,  1  Ph.  1  Ch. 
Perchloride  of  Phosphorus,  1  Ph.  2  Ch. 
Iodide  of  Phosphorus. 
Periodide  of  Phosphorus,  1  Ph.  2  I. 

Bromides  of  Phosphorus,  -<  .  pv*  ^  «  ' 

Phosphuretted  Hydrogen,  1  Ph.  1  H. 
Subphosphuretted  Hydrogen,  1  Ph.  3  H. 
Photphuret  of  Carbon,  1  Ph,  1  C. 

8alphur« 

Hyposulphnrous  Acid,  1  S.  1  Ox* 
Sttlphuroas  Acid,  1  S,  2  Ox« 


70  CHEMISTRY. 

Sulphur  eoatmued. 

Hyposulpburic  Acid,  2  S;  5.  Oz. 
Sulphuric  Acid,  1  S.  3  Ox. 
Chloride  of  Sulphur,  1  S.  1  Ch. 
Iodide  of  Sulphur. 
Bromide  of  Sulphur. 
Sulphuretted  Hydrogen,  1  S.  1  H. 
Super-sulphuretted  Hydrogen. 
Sulphuret  of  Carbon,  S  S.  1  C. 
Sulphuret  of  Phosphorus,  1  S.  1  Ph. 

Seloiium. 

Selenious  Acid,  1  Se.  2  Ox. 
Selenic  Acid,  1  Se.  3  Ox. 
Protochloride  of  Selenium,  2  Se.  1  Ch. 
Perchloride  of  Selenium,  1  Se.  2  Ch. 
Hydroselenic  Acid,  1  Se.  1  H. 


Oxygen, 

The  gaseous  body,  named  by  the  French  chemists  Oxygen,  or  the 
acidifying  principle,*  may  be  obtained  in  a  simple  or  uncombined  state 
by  several  different  processes,  and  especially  by  the  application  of 
heat  to  the  combinations  of  oxygen  with  certain  metals,  as  mercury, 
manganese,  or  lead. 


The  apparatus  exhibited  above  affords  a  convenient  method  for  the 

«  From  the  Or.  OCdc»  oci^and  Viwdm,  to  generate,  or  product.    The 
(German  chemists  style  this  body  Sausbstoft^  UteraUy  eour  ttiff. 
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})rodaction  of  this  gas  by  tbe  decomposition  of  metallie  oxides.  Let  a 
small  quantity  of  red  oxide  of  lead  (Minium,  or  red  lead),  be  intro- 
-dnced  into  the  retort  A,  the  beak  or  opening  of  which  is  connected 
with  the  doable-necked  glass  globe  B,  from  which  proceeds  the  bent 
tube  C,  terminating  under  the  tall  glass  jar  £,  the  lower  end  of  which 
is  immersed  in  the  water-trough  G.  If  then  the  retort  be  heated  by  a 
lamp,  after  the  atmospheric  air  contained  in  the  vessels  and  tube  has 
been  suffered  to  escape,  the  cylindrical  jar  filled  with  water  and  in- 
verted, is  to  be  placed  over  the  lower  end  of  the  tube,  as  represented 
in  the  figure ;  and  the  oxygen  gas,  as  it  is  formed  by  the  decomposi- 
tion of  the  oxide,  will  pass  over,  and  rising  in  bubbles  through  the 
water  in  the  jar,  will  collect  in  the  upper  part  of  it.  This  gas  may  be 
procured  in  the  same  manner,  by  substituting  for  the  oxide  of  lead, 
red  oxide  of  mercury,  or  black  oxide  of  manganese.  This  last  being  a 
isbeap  substance,  is  generally  used  for  obtaining  oxygen  gas  on  a  large 
scale;  and  for  that  purpose  the  distillation  is  conducted  in  an  iron 
retort,  luted  to  a  gun-barrel,  and  the  former  exposed  to  the  heat  of  a 
fiimace.  When  obtained  by  this  last  mode,  however,  the  gas  is  not 
very  pure,  and  the  quantity  produced  from  a  given  weight  of  the  oxide 
is  extremely  variable. 

As  there  is  a  great  number  of  substances  in  which  oxygen  is  con- 
tained, so  it  maybe  procured  by  various  other  processes.  When 
wanted  for  experiments  of  research,  and  therefore  in  a  state  of  the 
greatest  purity,  about  lOO  grains  of  the  salt  called  chlorate  of  pot- 
ussa  Cformerly  oxymuriate  of  potash),  may  be  introduced  into  a 
retort  with  a  bent  tube  fitted  to  it,  the  open  end  of  which  must  pass 
under  the  mouth  of  a  jar  filled  and  inverted  in  a  water-trough.  The 
retort  is  then  to  be  heated  by  the  flame  of  a  large  spirit-lamp,  and 
after  the  atmospheric  air  contained  in  it  has  been  driven  off,  and  the 
salt  fuses  and  appears  to  boil,  otygen  gas  will  b^  formed,  and  may  b6 
collected  as  before,  in  the  jar  over  the  water-trough.  About  100  cubic 
inches  of  gas  may  be  thus  obtained,  from  the  specified  quantity  of  the 
chlorate ;  and  in  a  similar  manner,  oxygen  may  be  procured  by  the 
distillation  of  nitrate  of  potash  (saltpetre)  in  an^earthen  retort.  Oxy- 
gen gas  may  also  be  obtained  slowly  and  in  small  quantities,  through 
uie  decomposition  of  water,  by  living  vegetables  exposed  to  the  action 
of  the  sun's  light.  This  may  oe  demonstrated  by  filling  an  eight-ounce 
phial  with  water,  and  after  having  introduced  into  it  a  sprig  of  min^ 
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iavertiiig  it  in  a  Ibasiii  of  water.  If  this  be  placed  in  a  window,  of  any 
other  sitaation  exposed  to  the  light,  minute  bubbles  will  soon  be  per- 
ceived forming  on  the  surfaces  of  the  leaves,  and  gradually  aocumu* 
lating,  the  J  will  rise  to  the  upper  part  of  the  bottle,  where  after  a  few 
days  a  variable  quantity  of  the  gas  will  be  collected,  eihibiting,  if  the 
experiment  be  carefully  made,  a  considerable  degree  of  purity. 

Oxygen  gas,  when  pure,  by  whatever  method  obtained*  is  perfectly 
transparent,  and  destitute  of  taste  or  smell,  exceeding  atmospheric  air 
in  a  slight  degree  in  specific  gravity.  It  is  necessary  for  the  support 
of  animal  life  by  respiration,  and  it  may  be  breathed  alone  for  some 
time  with  safety.  Indeed,  an  animal  confined  in  a  small  vessel,  filled 
with  this  gas,  will  live  nearly  three  times  as  long  as  if  confined  in  aa 
equal  bulk  of  common  air,  and  hence  oxygen  has  been  called  vital  air: 
yet  it  appears,  that  if  an  animal  be  kept  in  an  atmosphere  of  o^gen 
gas,  and  obliged  to  breathe  it  for  a  long  time,  great  excitement  will  be 
produced,  inflammatory  action  will  take  place,  and  death  frequently 
follow.  Hence  this  gas,  though  a  powerful  supporter  of  life  in  m& 
diluted  state  in  which  it  is  found  in  atmospheric  air,  cannot  be  used 
alone  with  safety,  except  for  a  very  short  period.  It  is  absorbed  by 
water  only  in  a  minute  proportion,  and  therefore  is  usually  oollected 
in  jars  over  that  fluid*  It  does  not,  like  acids  or  alkalies,  alter  the 
colour  of  paper  tinged  with  tincture  of  litmus  or  syrup  of  violets,  nor 
does  it  render  lime-water  turbid. 

The  most  important  effects  of  oxygen  are  those  which  arise  finom  its 
powerful  influence  as  a  supporter  of  combustion.  All  inflammalile 
bodies  bum  in  this  gas,  with  a  greater  display  of  heat  and  light  than 
in  atmospheric  air.  Several  interesting  experiments  to  illustrate  this 
principle  may  be  made  by  including  oxygen  gas  in  a  strong  glees 
bottle,  closely  stopped  with  a  cork,  having  a  piece  of  wire  passed 
through  it.  If  the  co^k  be  removed,  and  a  wax  taper  lighted  and  jnet 
blown  out  be  quickly  introduced  into  the  bottle,  it  will  be  immediateiy* 
rekindled,  and  bum  with  a  large,  vivid  flame.  A  sulphur  match,  just 
lighted,  and  held  in  the  bottle  of  gas,  will  also  bum  brilliantly,  with  m 
beautiful  purple  colour.  A  piece  of  charcoal  fixed  to  the  wire,  end 
made  red-hot,  if  immened  in  the  gas,  will  bura  widi  great  splendour* 
throwing  off  beautiful  sparks.  A  bit  of  phosphoras  about  the  siae  oC 
e  pea  may  be  stuck  on  the  wire,  and  if  then  kindled  and  immediately 
phmged  in  the  gas,  it  will  born  with  the  most  intense  light,  the  splen* 
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dour  of  which  is  painfal  to  the  eye.  But  ond  of  the  most  striking  in^ 
stances  of  combustion  in  oxygen  is  that  of  iron  wire.  For  the  purpose 
of  this  experiment,  a  large  jar  should  be  used,  filled  with  yery  pure 
oxygen  gas,  and  placed  oyer  water  in  a  shallow  dish.  A  small  coil  is 
to  be  formed  by  twining  a  thin  piece  of  iron  wire,  such  as  fin  annealed 
watch-spring,  or  small  harpsichord  wire,  round  the  stem  of  a  tobacco- 
pipe,  and  then  fixing  it  to  a  cork  float,  the  extremity  of  the  wire  being 
dipped  in  melted  sulphur,  and  ignited,  is  to  be  introduced  under  the 
jar,  when  the  iron  will  bum  with  a  brilliant  light,  throwing  off  scintil- 
lations like  fireworks. 

In  all  the  experiments  aboye  described,  aud  other  cases  of  the  com^ 
bustion  of  inflammable  bodies  in  oxygen  gas,  combinations  take  place 
between  the  oxygen  and  the  combustible,  and  new  products  arise  pos« 
sessing  peculiar  properties.  The  heat  and  light  giyen  out  in  these 
cases,  if  considered  as  depending  on  the  presence  of  certain  ethereal 
imponderable  fluids,  may  be  supposed  to  haye  been  preyiously  com- 
bined  with  the  oxygen,  and  thus  the  gas  may  be  conceiyed  to  consist 
of  a  ponderable  basis,  combined  wi<£  heat  or  caloric  and  light,  the 
eyolution  of  which  takes  place  on  the  union  of  the  basis  with  the  com- 
bustible body.  Hence  when  experiments  of  this  nature  are  executed 
with  due  care  and  accuracy,  the  product  of  combustion  ought  to  be 
exactly  equal  in  weight  to  the  joint  quantities  of  oxygen  gas  and  com- 
bustible matter,  which  enter  into  its  composition ;  and  this  is  found  to 
be  the  case.  Thus  when  phosphorus  is  burned  in  oxygen  gas,  a  white 
flalqr  substance  will  be  obtained,  which  is  phosphoric  acid ;  and  its 
weight  will  be  that  of  the  phosphorus  consumed,  added  to  that  of  the 
gas  which  it  has  absorbed.  So  in  burning  iron  wire,  a  combination 
will  be  produced  of  the  iron  with  oxygen,  forming  a  metallic  oxide, 
the  weight  of  which  will  be  equal  to  that  of  its  component  parts  added 
together. 

The  products  of  the  combustion  of  bodies  in  oxygen  gas  may  ba 
either  gaseous,  liquid,  or  solid,  according  to  circumstances :  but,  con- 
sidered as  chemical  compounds,  all  the  combinations  of  oxygen  with 
other  bodies  may  be  arranged  in  two  classes,  namely  Oxides  and 
Acids.  Both  these  classes  of  compounds  include  yarieties,  depend- 
ing on  the  different  proportions  of  oxygen,  united  respectively  wi^ 
the  seyeral  metallic  and  odier  substances  which  enter  into  their 
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tompositioii.  Thus  with  iron,  oxygen  forms  two  different  oxides, 
called  from  their  colours  red  oxide  and  black  oxide;  but  the  former,  as 
containing  the  smallest  quantity  of  oxygen,  is  more  properly  called  the 
pn^xide  of  iron ;  and  the  latter,  m  which  it  contains  the  largest 
quantity,  is  called  the  peroxide.  With  some  bodies  oxygen  forms 
three  or  more  oxides ;  to  distinguish  which  have  been  introduced  the 
terms  deutoxide,  or  second  oxide ;  tritoxide,  or  third  oxide,  &c.  Some 
bodies  form  oxides  alone  with  oxygen,  others  acids  only ;  but  there 
are  many  which  form  both  oxides  and  acids.  The  relatiye  quantity  of 
oxygen  in  this  last  kind  of  combination  is^  as  already  stated,  greater 
in  the  acids  than  in  the  oxides.  When  a  body  forms  two  acids  with 
oxygen,  that  which  contains  the  smaller  quantity  is  designated  by  a 
term  ending  in  the  syllable  ous,  and  that  containing  the  larger  quantity 
receives  a  name  ending  in  ie :  thus  we  have  sulphurous  and  sulphuric 
acids.  When  oxygen  combines  with  any  substance  in  more  than  two 
proportions  to  form  acids,  the  term  hypo  is  prefixed,  to  distinguish  an 
acid  with  an  inferior  quantity  of  oxygen :  thus  hyposulphurous  acid 
contains  a  smaller  proportion  of  oxygen  than  sulphurous  acid,  and 
h3rposulphnric  acid  less  than  sulphuric. 

The  salts  formed  by  the  combination  of  acids  and  oxides  are  also 
distinguished  by  the  terminations  of  their  names :  thus  those  produced 
by  acids  with  names  ending  in  ous  are  distinguished  by  the  termina- 
tion ite,  as  sulphite  of  potash ;  and  salts  formed  by  acids  with  the 
termination  ie,  have  names  terminating  in  ate,  as  sulphate  of  potash. 
This  me&od  of  nomenclature  has  been  extended  to  other  compounds 
besides  those  of  oxygen :  thus  the  combinations  of  chlorine,  which  are 
not  acid,  are  called  chlorides ;  those  of  iodine,  iodides ;  and  those  of 
fluorine,  fluorides :  and  their  acids,  and  the  salts  which  they  form,  are 
designated  in  an  analogous  manner,  as  hydrochloric  acid,  hydriodtc 
acid,  hydrofluoric  acid,  hydrochlorate  of  ammonia,  &c.  The  com* 
pounds  formed  by  simple  combustible  bodies,  as  those  of  sulphur, 
carbon,  and  phosphorus,  with  each  other,  or  with  metals,  are  distin- 
ffoished  by  die  termination  uret,  as  phosphnret  of  carbon,  sulphuret  of 
iron,  ice.  The  terms  of  di-phosphuret,  U-carbuiet,  &c.,  are  used  to 
denote  compounds  containing  twice  as  much  phosphorus,  carbon,  &c., 
18  a  phosphnret  or  a  carburet. 


ChioriBt. 

This  is  a  permsnenllj  elutio  or  giseons  fluid,  st  the  oomoiDil  tem,- 
pttntures  and  presiuies  of  the  ntmuaphere.  Bat  Idr.  FaradBy  ucer- 
Uiaed  ihax  this  gaa,  whea  aabjeeted  in  the  ntsceat  stUe  ta  ■  degiee 
of  preunre  equsl  10  about  four  atmoBpheres,  at  tbe  tempsratnre  of 
60°,  becomes  coudeiiEed  into  a  liquid  *  Cblorine  gas  has  a  greauish- 
jellow  coloor,  and  a  pungent,  disagreeable  odour ;  and  it  prores  higblj 
deletariouH  wben  respired. 
It  may  be  obtained  from  the  decompoBition  of  its  compounds,  the 
■  most  common  of  which  ia  mariae  or  cutinaiy  salt,  fonnerlj  tanned  by 
chemists  muriate  of  soda,  but  which  ia  now  known  to  consist  of  chlor 
rine  united  with  sodium  or  tbe  metaUic  basis  of  soda,  and  ia  therefbra 
called  chloride  of  aodium.  Its  decomposition  may  be  conveGieatly 
effected  by  mesas  of  the  apparalua  represeuted  in  the  anneied  diagram. 
Mil  one  part  of  black  oxide 
of  manganese  with  three  parts 
of  commoa  salt,  both  finely 
powdered,  and  baring  intro- 
duced the  miiture  into  the 
tubulated  retort  A,  pour  over 
-0  parts  by  weight  of  aul- 
ic  acid,  diluted  with  «■ 
equal  weight  of  water;  theq 
'  pass  the  beak  of  the  retort 
under  the  inTCrtad  glass  jar  C,  filled  with  warm  water.  Now  on 
lighdi*  the  lamp  beneath  the  retort  its  contents  will  become  gradually 
bested,  and  the  sulphuric  acid  acting  upon  tbe  manganese,  which  u 
in  (he  alate  of  a  peroxide,  will  eipel  a  part  of  ita  oiygen  and  reduce 
it  to  a  protaiide  ;  the  liberatad  oxygen  will  then  decompose  the  chip. 
ride  of  sodium,  combining  with  ita  metallic  basis,  whUe  the  cblorine, 
set  Iree,  in  the  gaspoua  state,  will  be  driven  off  and  carried  into  the 
inverted  jar,  rising  in  babbles  through  the  water.  The  sulphuric  acid 
will  unite  with  tbe  oxide  of  aodium  (soda)  as  fast  as  it  is  formed,  and 

*  Bee  Abstracts  of  Pap«n  in  Ptdloe.n>D*.,TDl.  It.  p.  !>»■ 
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thus  the  decomposition  of  the  chloride  is  more  readily  effected.  Chlo- 
rine gas  may  in  like  manner  be  procured  £rom  the  decomposition  of 
muriatic  or  hydrochloric  acid,  by  means  of  the  peroxide  of  manga- 
nese. 

Water  at  the  temperature  of  about  60*'  absorbs  twice  its  yolume  of 
this  gas.  It  should  therefore  be  collected  oyer  warm  water,  which 
absorbs  it  but  sparingly ;  or  it  may  be  received  in  a  bottle  filled  with 
atmospheric  air,  by  making  use  of  a  tube  which  passes  nearly  to  the 
bottom  of  the  botue,  and  &e  chlorine  gas  as  it  is  driven  over,  being 
heavier  than  common  air,  will  gradudly  expel  it  and  fill  the  bottle, 
exhibiting  its  peculiar  green  colour.  The  specific  gravity  of  this  gas, 
compared  with  conmion  air,  is  2.47,  or  about  2f  times  the  weight  of 
atmospheric  air.* 

Chlorine  undergoes  no  alteration  when  exposed  to  a  high  tempen^ 
ture ;  and  even  the  intense  heat  produced  by  a  Voltaic  battery  does 
iiot  effect  any  change  of  the  properties  of  this  gas.  When  a  bumine 
taper  is  plunged  into  a  bottle  of  chlorine  gas,  its  flame  assumes  a  dufi 
red  colour,  a  dense,  black  smoke,  containing  much  carbon,  is  given 
off,  and  after  the  combustion  has  thus  continued  a  short  time,  the  taper 
becomes  extinguished.  Phosphorus,  and  several  of  the  metals  in  a 
divided  state,  as  tin,  copper,  and  zinc,  are  spontaneously  ignited  by 
this  gas,  and  bum  in  it  brilliantly. 

CUorine  and  oxygen  have  but  a  weak  affinity  for  each  other ;  but 
they  may  be  made  to  combine  by  indirect  means,  so  as  to  form  at  least 
four  distinct  compounds.  The  Prot4aide  cf  Chlorine,  containing  S6 
parts  of  chlorine  and  8  of  oxygen,  or  one  combining  atom  of  each,  ivas 
discovered  by  Sir  H.  Davy,  who  gave  it  the  name  of  £uchlorine, 
from  its  peculiar  deep  yellowish-green  hue.  It  may  be  obtained  by 
heating  slowly  in  a  glass  retort  2  parts  of  the  salt  called  chlorate  of 
potash  (formerly  oxymuriate  of  potash),  with  one  part  of  muriatic 
acid,  when  the  protoxide  will  pass  over  in  the  state  of  gas,  and  may 
be  collected  over  mercury,  in  an  inverted  jar.  The  retort  should  be 
heated  by  means  of  a  water-bath,  as  the  gas  is  very  readily  exploded. 
It  differs  much  in  its  properties  from  chlorine,  being  of  a  deeper 

*  See  Book  of  Science,  pt  1.  pp.  151,  159,  for  the  specific  gravities  of  several 
of  the  gases  relatively  to  that  of  water. 
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eoloor,  and  haying  an  odonr  somewhat  resembling  that  of  burnt  sugar. 
Water  dissolves  about  ten  times  its  volume  of  this  gas,  which  imparts 
to  the  liquid  its  peculiar  smell  and  colour.  It  does  not  act  upon  mer- 
cury. Vegetable  colours  in  general  are  destroyed  when  exposed  to 
it,  some  of  the  blues  becoming  reddened  before  the  tint  is  obliterated. 
When  it  is  detonated  with  hydrogen,  by  passing  through  the  mixture 
of  these  gases  the  electric  spark, , it  becomes  decomposed,  formingf^ 
water  and  muriatic  acid. 

Peroxide  of  Chlorine  is  a  compound  of  one  equivaloDt  of  chlorine  and 
four  of  oxygen  (or  36  Ch.  -f-  32  Ox.)  It  is  a  gaseous  body,  which 
may  be  procured  by  mixing  50  or  60  grains  of  chlorate  of  potash  with 
a  small  quantity  of  concentrated  sulphuric  acid,  so  as  to  form  a  paste, 
and  exposing  it  in  a  small  retort  to  the  heat  of  a  water.bath,  which 
must  be  carefully  kept  below  the  boiling  point.  The  gas  which  is 
evolved,  when  collected  over  mercury,  exhibits  a  deeper  colour  and  a 
more  aromatic  odour  than  the  protoxide.  It  is  rapidly  absorbed  by 
water,  forming  a  yellow  solution,  with  a  strongly  astringent,  disagree* 
able  taste,  but  no  acidity.  It  bleaches  vegetable  blues,  without  red- 
deniDg  them.  When  heated,  it  explodes  violently,  at  a  temperature 
above  114°,  with  an  increase  of  volume  amounting  to  one-half,  oxygen 
and  chlorine  gases  being  produced.  Mr.  Faraday  succeeded  in  con- 
densing this  gas  to  the  liquid  state,  by  exposing  it  to  pressure  at  a 
temperature  32°  below  the  freezing.point  of  water.  Peroxide  of 
chlorine  was  discovered  by  Sir  H.  Davy  in  1815,  and  about  the  same 
time  by  Count  Von  Stadion. 

ChUiric  Acid  is  that  compound  which  enters  into  combination  with 
potash  to  form  the  chlorate  of  potash,  already  mentioned.  This  acid 
may  be  produced  by  passing  a  current  of  chlorine  gas  through  a  mix- 
ture of  oxide  of  silver  and  water,  part  of  the  chlorine  combining  with 
the  metal  to  form  chloride  of  silver,  and  part  uniting  with  the  oxygen 
of  the  decomposed  oxide  to  constitute  the  chloric  acid.  The  chloride, 
which  is  insoluble,  is  then  to  be  separated  by  filtering,  and  the  excess' 
of  chlorine  contained  in  the  liquid  being  expelled  by  heat,  the  acid 
will  be  obtained  in  the  state  of  an  aqueous  solution.  Chlorate  of 
barytes,  when  decomposed  by  sulphuric  acid,  also  yields  chloric  acid. 
When  concentrated  by  evaporation,  this  acid  is  an  oily  fluid,  trans- 
parent, colourless,  and  having  a  sour,  astringent  taste;  reddening 
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vegetable  blues,  and  uniting  with  various  bases  to  form  salts.  It  is 
decomposed  by  the  muriatio  and  sulphurous  acids,  and  also  by  the 
hydrosulphuiic  or  sulphuretted  hydrogen;  hot  not  by  those  acids 
which  contain  large  proportions  of  oxygen.  It  appears  to  be  composed 
of  one  atom  of  chlorine  and  fire  of  oxygen  (36  Cb.  ^  40  Ox.) 

Perchloric  Acid,  discovered  by  Count  Von  Stadion,  probably  consists 
of  one  equivalent  of  chlorine  with  seven  of  oxygen ;  but  its  constitu- 
tion and  properties  have  not  yet  been  accurately  investigated.  It  has 
been  obtained  in  the  form  of  a  dense,  colourless  liquid,  in  which  it  is 
united  with  water,  neither  this  nor  the  chloric  acid  apparently  being 
capable  of  existing  in  an  insulated  state. 

Chlorine  forms  a  combination  with  water,  which  has  been  termed 
Hydrate  of  Chlorine*  If  a  small  quantity  of  water  be  introduced  into 
a  retort  or  bottle  with  chlorine  gas,  and  uie  vessel  be  kept  a  few  da3rs 
in  a  dark  place,  where  the  temperature  does  not  rise  above  the  freezing 
point,  this  compound  will  be  obtained  in  the  state  of  a  mass  of 
prismatic  and  acicular  crystals,  with  water  adhering,  which  may  be 
separated  by  blottingi-paper  previously  cooled  to  prevent  the  crystals 
from  melting.  The  crystalline  hydrate  is  of  a  pale  yellow  colour,  and 
very  volatile.  If  a  small  portion  of  these  crystals  carefully  dried  bs 
introduced  into  a  bent  tube,  as  in  the  annexed  figure,  the  hydrate  may 
be  sublimed  by  applying  a  gentle  heat  to  one  end,  and  at  the  same 

time  cooling  the  other.  Thus 
^  if  the  extremity  of  the  tube  A , 
in  which  the  crystals  are  con- 
tained, is  immersed  in  water 
heated  to  about  90**,  they  will  be  decomposed,  forming  two  distinct 
fluids,  the  upper  consisting  of  a  saturated  solution  of  chlorine  in 
water,  and  the  lower  of  condensed  chlorine,  in  the  state  of  a  dark,  oily 
body.  When  the  other  extremity  of  the  tube,  B,  is  cooled,  the  chlorine 
will  distil  over.  If  the  tube  be  again  cooled  to  70*^,  the  chlorine  and 
water  will  reunite  to  form  fresh  crystals. 

Iodine, 

This  substance  was  first  discovered  in  kelp,  or  the  coarse  alkaline 
matter  procured  from  the  ashes  of  marine  plants.  In  its  chemical  pro- 
parties,  it  resembles  chlorine  and  bromine ;  and  like  those  bodies,  it 
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IB  supposed  to  be  an  elementar3r  substance,  haying  never  yet  been  de- 
composed. The  name  Iodine  was  giyen  it  by  M.  Gay  Lussac,  from 
the  Greek  'Iw^iic,  like  a  violet,  in  aUusion  to  its  colour  when  in  the 
state  of  gas.  Iodine  may  be  procured  by  various  processes.  After 
the  extraction  of  soda  from  kelp  for  the  use  of  the  soap-boilers,  a  brown 
liquid  remains,  which  must  be  subjected  to  a  heat  of  about  230^,  then 
saturated  with  sulphuric  acid,  diluted  with  its  own  bulk  of  water,  and 
pouring  off  the  liquor  when  cold  from  the  crystals  which  will  be 
formed,  consisting  chiefly  of  sulphate  of  soda,  it  is  to  be  filtered,  and 
to  every  twelve  ounces  must  be  added  1000  grains  of  black  oxide  of 
manganese  in  powder :  this  mixture  being  put  into  a  glass  globe,  or 
large  matrass,  to  which  another  is  to  be  adapted ;  the  former  must  be 
heated  with  charcoal,  and  the  iodine  will  then  pass  over,  in  beautiful 
violet-coloured  vapours,  which  will  be  condensed  in  crystalline  plates, 
having  the  colour  and  lustre  of  plumbi^o.  Iodine  thus  obtained  is, 
at  the  ordinary  temperature  of  the  atmosphere,  a  soft,  friable  solid, 
which  may  be  easily  reduced  to  a  fine  powder.  Its  specific  gravity  is 
4.946.  It  differs  from  metals  in  being  a  non-conductor  of  electricity* 
If  passed  through  a  red-hot  tube,  either  alone  or  over  charcoal,  it  nn- 
dei^oes  no  change.  Applied  to  the  skin,  it  occasions  a  yellow  stain ; 
and  it  has  a  hot,  acrid  taste,  and  an  odour  resembling  that  of  diluted 
chlorine.  Taken  internally  in  a  considerable  quantity  it  is  poisonous^ 
but  it  has  been  used  in  medicine  in  small  doses ;  and  there  is  reason 
to  beUeve,  that  burnt  sponge,  employed  as  a  remedy  for  bronchocele, 
owes  its  efficacy  to  the  iodine  which  it  contains. 

Iodine  is  very  volatile,  rising  in  vapour  at  a  temperature  of  from 
60°  to  80°,  and  very  freely  at  higher  temperatures,  boiling  rapidly 
at  350°.  Its  specific  gravity,  in  the  gaseous  state,  is  to  that  of  atmo- 
spheric air  as  8.7011  to  1  j  so  that  it  is  by  much  the  heaviest  of  all 
elastic  fluids  yet  known.  This  vapour  is  124  times  the  weight  of 
hydrogen,  and  as  it  combines  with  that  body  in  equal  volumes,  the 
number  124  has  been  taken  as  the  equivalent  or  combining  weight  of 
iodine.  It  renders  vegetable  colours  yellow,  and  forms  with  water  a 
yellow  solution,  though  but  a  very  minute  portion  of  it  is  taken  up  by 
that  fluid.  It  is  much  more  soluble  in  ether  or  spirit  of  wine,  with 
which  it  forms  deep-brown  solutions.  This  substance  has  the  peculiar 
property  of  forming  with  starch  an  insoluble  compound  of  a  deep  blue 
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or  violet  colour ;  and  hence  starch  has  been  used  with  adrantage  99 
a  delicate  test  of  the  presence  of  iodine. 

With  oxygen  iodine  enters  into  combination,  forming  Iodic  or  Oxiodie 
Acid,  .This  acid  maj  be  produced  by  adding  chlorate  of  potash  and 
hydrochloric  or  muriatic  acid  to  iodine ;  and  exposing  the  mixture  to  a 
gentle  heat,  two  new  compounds  will  thus  be  formed,  nsumely,  chlo- 
riodic  acid  and  oxiodie  acid.  By  the  application  of  greater  heat,  the 
foimer  may  be  driven  off,  and  the  oxiodie  acid  will  be  left  pure.  The 
oxygenation  of  iodine  may  be  also  effected  by  heating  that  substance 
repeatedly  in  nitric  acid.  The  iodic  acid  is  a  white,  semi-transparent, 
deliquescent  solid,  having  a  sour  taste,  but  no  smell.  Its  specific 
gravity  exceeds  2,  and  it  consists  of  1  proportional  of  iodine,  and  5  of 
oxygen,  so  that  its  equivalent  number  is  124  -}-  ^  =  1^«  Its 
aqueous  solution  reddens,  and  then  destroys  vegetable  colours.  When 
mixed  with  charcoal,  sugar,  sulphur,  and  other  combustible  substances, 
it  detonates  on  the  application  of  heat. 

It  has  been  slated,  that  the  solution  of  this  acid  corrodes  all  the 
metals,  and  even  acts  on  gold  and  platina ;  but  Mr.  Connell,  who  pro- 
cured it  by  means  of  the  nitric  acid,  confirms  the  observation  of 
SeruUas,  that  it  does  not  attack  gold ;  and  adds,  that  it  is  equally  inert 
with  respect  to  platina,  and  that  iron  filings  thrown  into  the  acid  solu- 
tion caused  no  effervescence ;  but  when  the  liquid  was  boiled,  a  white 
powder  was  precipitated.* 

Iodine  is  capable  of  union  with  chlorine,  forming  a  compound  called 
Chloriodic  Acid,  discovered  about  the  same  time  bj  Sir  H.  Davy  and 
M.  Gay  Lussac.  This  acid  makes  its  appearance,  as  already  stated, 
during  the  process  for  obtaining  iodic  acid  from  chlorate  of  potash  and 
muriatic  acid ;  but  it  may  be  procured  from  the  direct  union  of  its 
constituents.  Thus  on  passing  a  current  of  chlorine  gas  into  a  vessel 
containing  iodine,  the  gas  is  quickly  absorbed ;  and  the  result  will  be 
a  substance,  colourless  when  the  two  bodies  combine  in  proper  pro- 
portions, red  or  brown  when  there  is  an  excess  of  iodine,  and  yellow 
if  there  be  an  excess  of  chlorine.  It  is  volatile,  and  may  be  sublimed 
without  decomposition.  It  is  deliquescent,  and  dissolves  readilyin 
water,  forming  an  acid  solution,  which  destroys  vegetable  blues.     TIm 

*  See  Jameson's  Joumal  of  Science  for  I8SI. 
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salifiable  bases,  when  presented  to  this  acid,  in  solution,  decompose 
it,  and  iodic  and  muriatic  acids  are  produced.  It  is  said  likewise  to 
be  decomposed  by  mercury. 

Bromine, 

This  is  among  the  most  Recently  discovered  of  the  simple  substances. 
It  is  commonly  procured  from  the  uncrystallizable  liquid,  called  Bit-* 
tern,  which  remains  after  the  manufacture  of  sea-salt.  If  a  current  of 
chlorine  gas  be  passed  through  this  liquid,  it  assumes  an  orange  tint, 
and  jrields  a  peculiar  disagreeable  smell,  arising  from  the  evolution  of 
Bromine  ;*  a  portion  of  sulphuric  ether  is  then  to  be  agitated  with  it, 
and  on  being  allowed  to  stand,  it  will  separate  from  the  water,  together 
with  the  bromine,  which  gives  it  a  reddish-brown  colour.  The  ediereal 
solution  must  be  shaken  with  a  solution  of  caustic  potash,  when  bro* 
mate  of  potassa  and  bromide  of  potassium  will  both  be  formed.  The 
latter  of  these  salts  being  obtained  in  cubic  crystals  by  evaporation,  is 
to  be  decomposed  by  a  solution  of  chlorine  in  water ;  and  the  bromine* 
which  is  volatile,  may  be  separated  by  distillation,  and  obtained  in  a 
receiver,  kept  cool  by  covering  it  with  ice. 

At  common  temperatures  bromine  is  a  liquid ;  at  about  10®  below 
zero,  Fahrenheit,  it  becomes  congealed  into  a  crystalline,  foliated 
mass ;  and  at  116^  it  boils.  It  is  about  three  times  the  weight  of  water. 
The  liquid  has  a  deep,  dull,  red  colour,t  and  a  peculiarly  unpleasant 
suffocating  odour ;  and  its  taste  is  also  strong  and  nauseous.  It  cor- 
rodes the  skin,  and  stains  it  of  a  yellow  colour ;  and  it  must  also  be 
remarked,  that  it  is  a  powerful  and  dangerous  poison.  It  dissolves 
but  sparingly  in  water,  more  easily  in  alcohol,  and  most  readily  in 
ether.  Vegetable  colours,  as  litmus  and  even  indigo^  are  destroyed 
by  it.  A  burning  taper  plunged  in  its  vapour  quickly  becomes  extin- 
euished,  the  flame  previously  assuming  a  reddish  tint.  Phosphorus 
inflames  spontaneously  in  its  vapour.   Tin  and  antimony  like,wise  take 

«  Bromine  derives  its  appellation  from  its  nauseous  flavour,  Bpa>/i0Cr  its 
Greek  etymon,  signaifying:  a  stench. 

t  **  Liquid  bromine,  when  viewed  in  thin  portions  or  small  drops,  displays 
a  hyaointhine  red  hue  (red  with  a  tingle  of  yellow) ;  in  larger  masses,  the  colour 
becomes  so  intense  that  it  appears  opaque  and  h]9C\.**'^MitsiherHch*s  introd^ 
to  Chem.f  vol.  i.  p.  70. 
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fire  in  it ;  and  potassium  introduced  into  it  explodes  with  Tiolence. 
In  its  general  mode  of  action  it  resembles  chlorine  and  iodine,  being 
reckoned  a  supporter  of  combustion. 

With  oi^gen  it  forms  a  compound  called  Bromic  Add,  which  may- 
be obtained  by  adding  sulphuric  acid  to  the  combination  of  this  aad 
with  baiytes  (bromate  of  iMuytes)  ;  and  sulphate  of  barytes  being  thus 
formed,  when  the  whole  of  that  salt  is  precipitated,  the  bromic  acid 
will  remain  in  solution,  and  may  be  concentrated  by  slow  eyaporation. 
It  cannot,  however,  be  entirely  deprived  of  water,  as  it  is  partially 
decomposed  at  a  high  temperature.  The  acid  solution  has  very  litde 
smell,  but  possesses  a  sour  taste,  and  it  first  reddens  and  then  destroys 
the  blue  colour  of  litmus. 

The  specific  gravity  of  the  vapour  of  bromine  and  its  atomic  weight, 
are  uncertain,  being  variously  stated  by  different  experimentalists.  Ac- 
cording to  Berzelius,  the  combining  weight  of  this  body  is  78.26 ;  but 
75  is  the  number  generally  adopted.  Hence  bromic  acid,  containing 
1  atom  of  bromine  vdth  5  of  oxygen,  its  equivalent  number  will  be 
75  -f  40  =  115. 

Bromine  unites  with  chlorine,  when  a  current  of  the  latter  is  passed 
through  the  liquid  bromine,  and  the  vapours  which  arise  at  a  low  tem- 
perature may  be  obtained  by  condensation  in  the  form  of  a  reddish* 
yellow  Uquid  called  Chloride  of  Bromine,  It  has  a  very  penetrating 
odour,  and  disi^reeable  taste.  It  is  extremely  volatile ;  and  metals 
reduced  to  fiue  powder  take  fire  in  its  vapour.  The  solution  of  chlo- 
ride of  bromine  in  water  acts  powerfully  in  bleaching  vegetable  sub- 
stances. 

Bromine  unites  also  with  iodine,  hydrogen,  sulphur,  phosphoms, 
and  selenium ;  as  well  as  with  many  of  the  metals,  forming  compoonds 
called  bromides. 

Fluorine. 

This  body,  though  from  the  analogy  of  its  mode  of  action,  when  in 
combination  with  other  substances,  to  that  of  oxygen  and  chlorine,  it 
is  supposed,  like  them,  to  be  a  simple  or  elementary  body,  has  yet 
never  been  obtained  in  a  separate  state,  on  account  of  the  difficulty,  or 
rather  impossibility,  of  keeping  it  uncombined  in  vessels  of  any 
known  substance  whatever.  Its  compounds  are  not  of  common  oc- 
currence^ except  the  mineral  called  fiuor  spar,  which  appears  to  be  » 
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compound  of  fluorine  with  calcium,  or  the  metal  of  lime ;  and  it  onlj 
occurs  in  a  few  other  mineral  substances.  The  fluoride  of  calcium 
(fluor  spar.)  may  be  decomposed  without  difficulty ;  but  the  fluorine  is 
no  sooner  extricated,  than  it  enters  into  union  with  some  other  body. 
One  of  the  compounds  which  it  readily  forms  is  with  hydrogen,  con* 
stituting  Hydr^uone  Aeid,  which  ma^  be  thus  procured :  Let  fluor 
spar,  finely  powdered,  and  mixed  with  twice  its  weight  of  strong 
liquid  sulphuric  acid,  be  distilled  by  a  moderate  heat  in  a  silver  or 
leaden  retort*  to  which  should  be  adapted  a  silver  tube  and  receiver, 
the  latter  of  which  must  be  kept  cool  during  the  operation,  by  im- 
mersing it  in  a  mixture  of  pounded  ice  or  snow,  and  salt.  The  hydro- 
fluoric acid  will  then  pass  over  in  the  form  of  a  very  volatile  liquid, 
but  having  the  appearance  of  sulphuric  acid.  It  is  liest  preserved  in 
bottles  of  silver  or  lead,  with  well-fitted  stoppers  of  the  same  metal. 
Its  specific  gravity  is  1.06,  but  it  becomes  increased  in  density  by  the 
addition  of  water  to  1.25,  affording  a  singular  instance  of  fluid  con* 
densation.  It  has  a  strong  attraction  for  water,  beyond  that  of  sul- 
phuric acid ;  and  great  heat  is  evolved  when  it  is  dropped  into  water. 
As  it  is  extremely  volatile,  the  utmost  care  should  be  taken  in  making 
experiments,  to  avoid  inhaling  its  vapour,  the  irritating  effects  of  which 
are  extremely  injurious ;  and  the  liquid  acid  itself  acts  as  a  powerful 
caustic  when  dropped  pn  the  skin.  Among  the  most  curious  and  im- 
portant properties  of  this  acid  is  its  action  on  glass,  which  it  deeply 
corrodes,  in  consequence  of  its  affinity  for  the  basis  of  the  siliceous 
earth  contained  in  the  glass,  with  which  it  forms  a  new  compound 
called  Silicqfiuoric  Acid,  Thus  it  decomposes  glass,  and  hence  de- 
stroys the  transparency  of  glass  vessels  or  plates  with  which  it  comes 
in  contact.  This  property  of  the  acid  has  been  ingeniolisly  applied  to 
the  purpose  of  making  engravings  or  etchings  on  glass.  These  are 
executed  in  a  manner  analogous  to  etchings  on  copper  with  aqua  fortis. 
Plates  of  glass,  coated  with  bees'  wax  and  turpentine  melted  together, 
may  have  figures  traced  on  them  with  an  etching  needle ;  after  which 
they  may  be  covered  with  the  diluted  acid,  or  exposed  to  its  vapour, 
when  on  removing  the  coating,  the  figures  will  be  found  delineated  on 
the  glass. 

Attempts  have  been  made  to  procure  fluorine  in  a  separate  state,  hy 
decomposing  its  compounds  by  means  of  Galvanism,  or  by  the  more 
usual  operations  of  chemical  analysis ;  and  in  both  cases  the  object  has 
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been  frustrated  by  the  impossibility  of  preventing  the  nascent  element 
from  forming  immediately  new  compounds.  When  hydrofluoric  acid  i» 
acted  on  by  a  Galvanic  pile,  inflammable  gas  will  be  given  off  at  the  wire 
connected  with  the  negative  pole,  and  the  opposite  wire  of  platina  will 
become  corroded  and  covered  with  a  chocolate^  coloured  powder,  which 
appears  to  be  fluoride  of  platina.  The  combination  of  fluorine  with 
silver  (fluoride  of  silver)  may  be  decomposed  by  means  of  chlorine^ 
which  unites  with  the  silver ;  but  the  fluorine  cannot  thus  be  obtained 
in  a  separate  state.  For  when  fluoride  of  silver  is  placed  in  a  glass 
retort,  and  chlorine  is  added,  the  fluorine  will  be  extricated ;  but  it 
immediately  decomposes  the  siliceous  earth  of  the  glass,  and  enters 
into  union  with  its  basis  called  silicon,  with  which  it  forms  silico- 
fluoric  acid.  If  the  decomposition  be  effected  in  a  vessel  of  platina, 
fluoride  of  platina,  the  substance  already  mentioned,  will  be  formed; 
and  if  a  retort  of  lead  or  any  other  metal  be  used,  the  fluorine  will 
combine  with  it,  unless  water  be  present,  which  it  decomposes  to  form 
hydrofluoric  acid,  previously  described.  Besides  the  compounds 
already  mentioned,  fluorine  unites  with  boron,  the  basis  of  boracic 
acidi  with  which  it  constitutes  borofluoric  acid,  or  as  it  has  been  also 
called,  fluoride  of  boron.  It  also  unites  with  sulphur  and  phosphorus ; 
but  these  compounds  have  been  but  lately  discovered.  No  combina- 
tions have  yet  been  obtained  of  fluorine  with  oxygen,  chlorine,  iodine, 
bromine,  carbon,  or  nitrogen. 

Hydrogen. 

Hydrogen  is  one  of  the  most  important  among  the  inflammable 
substances,  being  abunduitly  diffused  throughout  nature  in  various 
states  of  combination.  Its  distinct  existence  as  a  peculiar  kind  of 
matter,  was  first  ascertained  by  Mr.  Cavendish^  in  1766,  The  specific 
gravity  of  hydrogen  gas  being  less  than  that  of  any  other  substance 
with  which  we  are  acquainted,  it  seems  to  possess  a  strong  claim  to  the 
title  of  a  simple  or  uncompounded  body.  The  weight  of  100  cubic 
inches  of  hydrogen  gas  is  less  than  three  grains^  while  the  same  bulk 
of  atmospheric  air  will  weigh  thirty-one  grains.  The  comparatire 
levity  of  this  elastic  fluid  gave  rise  to  its  employment  for  the  inflation 
of  air-balloons. 

Hydrogen  gas,  when  pure,  is  perfectly  transparent.    It  is,  howeTer, 
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usually  mixed  with  certain  adyentitious  matters,  which  communicate 
to  it  a  very  unpleasant  smell,  but  when  these  are  separated,  it  appears 
to  be  completely  inodorous.  It  possesses  no  taste.  Hydrogen  gas 
will  not  serre  for  the  respiration  of  animals,  though  it  does  not,  Uke 
some  gases,  prove  immediately  deleterious  to  those  who  breathe  it ; 
and,  when  largely  mingled  with  atmospheric  air,  it  may  be  respired 
with  safety.     Vegetables  grow  and  flourish  when  confined  in  this  gas. 

Hydrogen  gas  is  extremely  inflammable,  readily  burniog  when  in 
contact  with  oxygen  gas  or  atmospheric  air.  The  produce  of  this 
combustion  is  water,  which  is  formed  and  decomposed  by  many  pro- 
cesses, natural  and  artificial. 

The  most  usual  method  of  obtaining  hydrogen  gas  for  the  inflation 
of  balloons,  or  for  chemical  experiments,  is  by  adding  sulphuric  acid 
to  a  mixture  of  zioc  or  iron  filings  with  water.  The  metal  in  this 
case,  assisted  by  the  acid,  attracts  the  oxygen  of  the  water,  and  its 
hydrogen  is  set  free,  and  may  be  collected  for  use  by  means  of  a. 
proper  apparatus.  Hydrogen  gas  may  be  also  procured  nrom  water  by 
electricity.  Thus  water  inclosed  in  a  glass  tube,  may  be  decomposed 
by  passing  through  it  a  current  of  electric  sparks.  It  may  also  be  sepa- 
rated into  its  constituent  parts,  by  exposing  it  to  the  action  of  a  Gal- 
vanic battery. 

Though  hydrogen  may  be  made  to  bum  when  mixed  with  oxygen, 
atmospheric  air,  and  other  supporters  of  combustion,  it  extinguishes 
a  lighted  taper,  or  any  burning  body  immersed  in  it.  It  may,  as 
already  stated,  be  breathed  with  safety  for  a  short  time,  though  it  will 
not  support  animal  life.  If  the  lungs  be  filled  with  it  by  inhaling  a 
few  times  this  gas  from  a  bladder,  or  a  bag  of  oiled  silk,  a  peculiar 
effect  is  produced  on  the  voice,  which  is  rendered  much  shriller  than 
tisual,  but  its  influence  is  only  temporary. 

Protoxide  of  Hydrogen, — Hydrogen  combines  with  several  other  simple 
substances,  and  especially  with  the  supporters  of  combustion,  forming 
many  important  compounds.  With  oxygen  it  is  found  to  unite  in  two 
proportions.  When  two  volumes,  or  parts  by  measure,  of  hydrogen 
gas,  are  mixed  with  one  volume,  or  measure,  of  pure  oxygen  gas,  in 
a  glass  globe,  or  any  other  receptacle  previously  exhausted  of  air,  the 
gases  being  inflameid  by  the  electric  spark,  will  combine  with  the  extri- 
cation of  light  and  heat ;  and  the  interior  of  the  globe  will  become 
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lined  with  drops  like  dew,  which  being  collected  and  w^ghed,  will  be 
found  to  consist  of  pure  water,  equal  in  weight  to  that  of  the  gases 
which  ha^e  disappeared.  There  are  many  modes  of  making  thia 
experiment,  among  which  may  be  mentioned  the  following,  as  being 
easily  practicable,  with  the  assistance  of  an-  electrical  machine: 


A  very  large  bladder.  A,  is  to  be  filled  with  oxygen  and  hydrogen 
gases,  in  the  proportions  just  mentioned.  To  the  opening  must  be 
fitted  a  sound  cork,  B,  with  a  short  glass  tube  passed  through  it,  by 
means  of  which  the  gases  may  be  introduced  into  it ;  and  on  each  side 
of  the  tube  brass  wires  are  to  be  passed  through  the  cork,  so  that 
their  ends  may  project  a  little  way  within  the  bladder  at  C,  whero  thej 
are  to  be  brought  within  about  an  inch  of  each  other.  To  the  ends  of 
the  wires  without  the  bladder,  are  to  be  attached  two  other  wires, 
D  £,  from  twenty  to  thirty  feet  in  length.  One  of  these  wires,  D,  is 
to  be  brought  in  contact  with  the  outside  of  an  electrical  jar ;  and  the 
other  wire,  £,  to  be  advanced  within  an  inch  of  the  brass  knob,  F,  of 
the  same  jar ;  then  on  charging  the  jar  by  means  of  an  electrical  ma- 
chine, when  it  has  been  sufficiently  excited,  a  discharge  will  take 
place,  the  spark  passing  from  the  Imob,  F,  through  the  wiro,  £,  and 
another  spark  will  pass  between  the  wires  wi^in  the  bladder  at  C,  which 
will  occasion  an  explosion  of  the  gases,  and  the  production  of  water» 
which  however  will  be  liable  to  be  dissipated  by  the  bursting  of  the 
bladder.  If  there  be  an  excess,  in  the  mixture,  of  either  of  the  gvses, 
they  will  still  only  unite  in  the  ratio  already  stated,  and  the  supei^uouB 
gas  will  remain  in  an  uncombined  state.  The  production  of  water  by 
the  union  of  oxvgen  and  hydrogen  gases,  may  be  exhibited  by  simply 
burning  a  jet  of  hydrogen  gas,  from  a  bladder  with  a  stop-cock,  under 
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ft  bell-glas8,  including  atmospberio  air;  and,  as  the  ■combnition  pro- 
ceeds,  water  will  be  formed,  which  condensing  on  the  inner  surface  of 
the  glass  will  trickle  down  its  sides. 

The  composition  of  water  is  shown  by  analysis,  in  the  experiments 
already  mentioned  relative  to  the  production  of  hydrogen  gas. 


Water  may  also  be  decomposed  in  consequence  of  the  affinity  of  iron 
for  oxygen  at  a  high  temperature.  Let  an  open  gun-barrel,  C,  in  the 
preceding  figure,  be  filled  towards  the  centre  with  iron  turnings ;  and 
to  one  end  of  it  must  be  luted  a  small  retort.  A,  containing  water ;  and 
to  the  other  end  a  bent  tube,  F,  terminating  under  a  gas-bolder,  or  an 
inverted  glass  jar,  filled  with  water,  G.  The  gun-barrel  passing  across 
a  furnace,  or  a  large  chafing-dish,  is  to  be  heated  by  means  of  char- 
coal ;  and  when  it  is  red-hot,  the  water  of  the  retort  must  be  made  to  boil, 
by  placing  under  it  a  small  lamp,  and  the  steam  passing  over  the  red- 
hot  iron  will  be  decomposed ;  its  oxygen  will  unite  with  the  iron,  and 
the  hydrogen  thus  set  free,  will  pass  through  the  tube,  £,  and  be  col- 
lected under  the  bell-glass,  G.  If  this  experiment  be  carefully  made, 
by  using  a  compact  porcelain,  or  glass  tube,  instead  of  the  gun-barrel, 
and  weighing  the  iron  before  and  after  the  operation,  it  will  be 
found  to  nave  gained  exactly  as  much  as,  added  to  the  gas  produced, 
will  be  equal  to  the  weight  of  the  water  consumed.  Hence  it  will  ap- 
pear, that  water  consists  of  eight  parts  by  weight  of  oxygen,  and  one 
of  hydrogen. 

Water  may  also  be  decomposed  by  means  of  the  Galvanic  or  Voltaic 
battery,  and  by  various  other  methods ;  but  in  whatever  manner  it  b* 
examined,  it  will  be  found  to  consist  of  the  same  proportions,  namely,.' 
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one  volame  of  oxygen,  and  two  yolames  of  hydrogen ;  or,  eight  parts 
by  weight  of  .oxygen,  and  one  of  hydrogen.  Hence  it  fbllows, 
that  oxygen  gas  must  be  sixteen  times  the  weight  of  hydrogen  gas : 
therefore,  this  fluid  may  be  supposed  to  consist  of  one  atom* of 
hydrogen,  haying  only  the  eighth  part  of  the  weight  of  an  atom  of 
oxygen,  and  the  combining  number  of  which  will  therefore  be  1 ; 
and  one  atom  of  oxygen,  the  combining  number  of  which  must  be  8  ; 
80  that  the  combining  or  proportional  number  of  water  will  be  9,  the 
sum  of  the  numbers  of  its  constituent  parts.  , 

Oxygen  and  hydrogen  will  also  combine  in  the  proportion  of  equal 
masses  of  each  gas.  This  compound,  which  has  been  called  Deutoxide 
or  Peroxide  of  Hydrogen,  was  discorered  in  July,  1818,  by  M,  Thenard, 
who  procured  it  by  the  addition  of  peroxide  of  baryum  and  muriatic 
acid  to  water,  and  afterwards  precipitating  the  resulting  protoxide  of 
baryum  with  sulphuric  acid ;  the  excess  of  oxygen  in  the  peroxide 
entering  into  combination  with  the  water,  and  thus  converting  it  into 
oxygenated  water,  or  peroxide  of  hydr<^en.  But  other  additions  and 
repeated  manipulations  are  requisite  to  separate  the  muriatic  acid  from 
the  oxygenated  water,  and  obtain  the  latter  in  a  pure  state,  the  prooeas 
being  altogether  complicated  and  troublesome.*  Peroxide  of  hy- 
drogen thus  prepared,  is  a  colourless  syrup-like  substance,  of  the 
specific  g^vitj  of  about  1.45.  It  is  nearly  destitute  of  smell,  destroys 
vegetable  blue  colours,  and  bleaches  the  skin,  on  which  it  acts  aa  a 
caustic  when  the  application  is  continued.  It  rises  in  vapour,  even 
at  low  temperatures,  and  cannot  be  congealed  by  cold.  At  58^  of 
Fahrenheit  it  becomes  decomposed,  oxygen,  gas  being  given  off  in 
abundance,  and  at  the  heat  of  boiling  water  it  explodes.  It  is  decom- 
posed by  all  the  metals,  except  iron,  tin,  antimony,  and  tellurium.  The 
metals  should  be  powdered,  or  otherwise  finely  divided;  and  with 
some  of  them,  as  silver,  gold,  and  platina,  the  decomposition  takes 
place,  with  the  evolution  of  light  and  heat. 

Among  the  most  important  compounds  of  hydrogen,  is  that  wiueh 
it  forms  with  chlorine,  constituting  the  powerful  acid  commonly  called 
Muriatic  Acid,  and  sometimes  Hydrochloric  Acid,  Under  the  former  ap- 
pellation, it  has  long  been  known,  and  also  under  that  of  Spirit  of  Salt, 

*  For  an  acooontof  the  mode  of  obtaining  this  body,  see  Joum.  of  Science 
•d.  at  R.  I.,  vol,  ilL  pp.  116— 120  {  or,  Brande's  Manual  of  CheuJstry,  toI.  i. 
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b^iBg  obtained  from  the  decomposition  of  eommon  or  marine  salt.  In 
this  state  it  is  a  liquid,  being  combined  with  water ;  but  it  may  also  be 
obtained  alone,  in  the  form  of  gas^  and  the  mode  of  procuring  it  was  first 
described  by  Mr.  Cavendish,  in  1766.  It  was  supposed  that  muriatic 
acid,  like  the  nitric,  sulphuric,  and  many  others,  consisted  of  oxygen 
combined  with  some  acidifiable  base,  and  in  pursuance  of  that  notion 
various  attempts  were  made  to  decompose  it,  all  which  proved  more  or 
less  unsatisfactory.  At  length  it  was  ascertained,  through  the  experi- 
ments of  Sir  H.  Davy  in  England,  and  of  Gay  Lussac  and  Thenard  in 
France,  that  muriatic  acid  gas,  when  pure,  may  be  separated  into 
hydrogen  and  chlorine,  and  that  consequently  oxygen  does  not  enter 
into  ita  composition.  Hence  it  appears  that  Scheele — (who  discovered 
chlorine,  and  obtained  it.  by  separating  from  it  the  hydrogen  with 
which  it  is  united  in  muriatic  acid,  and  which  he  therefore  supposed 
to  be  a  compound  of  hydrogen  with  the  newly-obtained  gas), — formed 
a  correct  conclusion. 

If  chlorine  and  hydrogen  in  equal  quantities  by  measure  be  mixed 
tc^ether,  and  exploded  by  the  electric  spark,  or  a  burning  match,  mu- 
riatic acid  will  be  formed ;  and  if  the  experiment  be  properly  con- 
ducted, the  quantity  of  acid,  or  compound  gas  obtained,  will  be  exactly 
equal  to  that  of  both  the  constituent  gases  taken  together.  Thus,  if 
M  cubic  inches  of  chlorine,  and  as  many  of  hydrogen  be  exploded  by 
electricity,  100  cubic  inches  of  muriatic  acid  will  be  obtained  ;  and  as 
the  weight  of  chlorine  is  to  that  of  hydrogen  as  S6  to  1 ,  their  com- 
bining or  proportional  numbers  must  be  in  the  same  ratio,  and  the 
combining  number  of  muriatic  acid  will  consequently  be  37.  Mu- 
riatic acid  gas  is  colourless,  and  has  an  intensely  acid  taste,  and  a 
peculiar  pungent  smell.  It  cannot  be  respired,  and  it  is  incombustible, 
extinguishing  burning  bodies  plunged  into  it.  Like  other  acids  it 
reddens  vegetable  blues,  as  litmus  paper ;  but  turmeric  paper  exposed 
to  it  acquires  a  brown  tint,  not  unlike  that  produced  by  an  alkali.  The 
attraction  of  this  gas  for  water  is  very  great,  so  that  it  immediately 
forms  fumes  like  white  clouds,  when  suffered  to  escape  into  the  air,  by 
combining  with  the  water  contained  in  it.  Water  at  the  temperature 
of  40^,  absorbs  480  times  its  own  bulk  of  muriatic  acid  gas,  being  at 
the  same  time  increased  in  quantity.  The  solution  forms  common 
muriatic  acid,  which  when  pure  is  colourless,  and  possesses  all  the 
general  properties  i)li  the  gas*    Its  specific  gravity  varies  according  to 
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the  qaantity  of  the  gas  with  which  the  water  is  comhined ;  but  it  is 
asually  about  1.16  or  1.17. 

Muriatic  acid  is  commonlj  procured  from  the  decomposition  of 
common  salt,  by  means  of  sulphuric  acid  diluted.  In  diis  case  a 
double  decomposition  takes  place.  The  salt,  which  is  a  compound  of 
chlorine,  with  the  metal  sodium  (the  basis  of  soda),  being  introduced 
into  a  tubulated  retort,  on  adding  to  it  sulphuric  acid,  and  applying 
heat,  the  water  mixed  with  the  acid  becomes  decomposed,  and  its 
oxygen  uniting  with  the  sodium,  forms  soda,  which  combines  with  the 
sulphuric  acid,  while  the  hydrogen  of  the  water  unites  with  the 
chlorine  thus  set  free,  to  form  muriatic  or  hydrochloric  acid.  If  the 
operation  be  conducted  over  mercury,  the  gas  will  be  obtained  in 
great  purity,  though  not  free  from  water.  A  process  very  similar  to 
this  is  usually  adopted  for  procuring  liquid  muriatic  acid ;  the  gaseous 
acid  as  it  is  produced,  being  condensed  in  a  series  of  bottles,  each 
containing  a  small  quantity  of  water,  and  provided  with  safety  tubes. 

Hydrogen  and  iodine,  placed  in  contact,  combine  slowly  at  a  mode- 
rate temperature,  but  the  union  more  readily  takes  place  when  iodine 
is  heated  in  hydrogen  gas ;  an  acid  gas  being  formea,  which  is  rapidly 
absorbed  by  water,  and  which  is  decomposed  by  mercury,  and  therefore 
cannot  be  preserved  long  over  that  fluid.    This  gaseous  product  is 
called  Hydriodic  Acid,     There  are  various  modes  of  preparing  it,  one 
of  the  most  convenient  of  which  is  by  exposing  eight  parts  of  iodine 
and  one  of  phosphorus,  moistened  with  water,  in  a  small  retort,  to  a 
gentle  heat,  when  the  gas  will  be  evolved,  and  must  be  received  over 
mercury,  but  transferred  as  quickly  as  possible  into  an  exhausted 
vessel,  or  it  may  be  allowed  to  pass  over  into  a  bottle  filled  with 
atmospheric  air,  in  the  manner  directed  for  procuring  chlorine  gas  ;* 
both  these  gases,  from  their  superior  speciBc  gravity,  being  capable  of 
expelling  common  air  in  a  great  measure  from  an  open  vessel  when 
poured  into  it. 

Hydriodic  acid  is  a  colourless  elastic  ^uid,  having  a  sour  taste,  red* 
dening  vegetable  blues,  and  exhaling  an  odour  like  that  of  mnriatic 
acid,  white  fumes  escaping  when  it  is  exposed  to  the  atmosphere.  Its 
specific  gravity  is  4.^,  that  of  atmospheric  air  being  1 ;  and  lOO 
cubic  inches  weighing  133.4  grains.      A  saturated  solution  of  hy- 

*  Seep. 76. 
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driodic  gas  may  be  obtained  by  careful  eynporation  of  water  impreg- 
nated with  it,  by  passing  sulphuretted  hydrogen  through  a  mixture  of 
iodine  and  water.  The  liquid  acid  has  a  specific  gravity  of  1.7.  It 
dissolves  iodine,  acquiring  a  deep  brown  colour,  and  it  is  decomposed 
by  the  nitric  and  sulphuric  acids.  The  acid  in  its  gaseous  state  is  de- 
composed by  chlorine,  muriatic  acid  being  formed,  and  the  iodine  set 
free,  forming  violet- coloured  fumes,  when  the  chlorine  is  mixed  with 
atmospheric  air.  From  the  action  of  mercury,  and  some  other  metals, 
on  hydriodic  acid  gas,  causing  the  evolution  of  half  its  volume  of 
hydrogen,  it  may  be  inferred  that  this  acid  is  composed  of  1  equiva- 
lent of  each  of  its  constituents,  and  therefore  its  combining  number 
must  be  1«4  -f  1  =  1^5. 

Hydrogen  and  bromine  do  not  enter  into  combination,  when  the 
vapour  of  the  latter  is  mingled  with  the  former,  and  exposed  to  the 
light*  of  the  sun ;  but  the  mixture  may  be  inflamed  by  introducing 
into  it  a  lighted  match,  or  red-hot  iron,  when  union  takes  place,  but 
without  explosion.  The  product  is  a  colonrless  gas,  which,  from  its 
properties,  has  been  stylea  Hydrobromic  Acid,  It  may  also  be  pro- 
cured from  the  decomposition  of  water,  by  means  of  bromine  and 
phosphorus,  in  a  mode  analogous  to  that  in  which  hydriodic  acid  is 
obtained. 

The  hydrobromic  acid  gas  is  rapidly  absorbed  by  water,  but  may  be 
preserved  over  mercury.  Its  aqueous  solution  is  at  first  colourless, 
but  it  readily  dissolves  bromine,  and  receives  from  it  a  yellow  tint.  It 
is  decomposed  by  chlorine,  and  likewise  by  nitric  acid,  but  not  so 
easily  by  the  sulphuric  acid.  In  the  mode  of  its  composition  it 
resembles  the  hydriodic  acid,  and  may  be  supposed  to  consist  of 
1  atom  of  bromine  and  1  of  hydrogen,  so  that  its  combining  number 
will  be  75  +  1  =  76. 

Hydrogen  combines  with  fluorine  to  form  the  compound  called 
Hydrofiuoric  Acid,  the  properties  and  method  of  procuring  which  have 
been  already  described.*  Fluorine  having  never  been  obtained  in  a 
separate  state,  its  equivalent  or  combining  number  cannot  readily  be 
ascertained.  It  has  been  variously  estimated,  from  16  to  19;  and 
since  hydrofluoric  acid  may  be  regarded  as  bearing  an  analogy  of  con- 
s^tution  to  the  other  hydrogen  acids,  it  must  be  considered  as  com- 

*  See  p.  83. 
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posed  of  1  atom  of  fluorine  and  1  of  hydrogen,  and  if  19  be  taken  <lg 
the  atomic  weight  of  the  former,  that  of  the  latter  must  consequendj 
bel9-f  1=  20. 

Hydrogen  forms  compounds  with  a  few  only  of  the  electro-positiye 
bodies,  as  nitrogen,  sulphur,  phosphorus,  arsenic,  and  tellurium  ;  and 
the  most  important  of  these  combinations  will  be  subsequently  de- 
scribed. In  some  respects  hydrogen,  in  a  variety  of  chemical  opera« 
tions,  appears  to  act  as  a  sort  of  antagonist  power  to  oxygen,  the  one 
exhibiting  the  highest  degree  of  electro-negative  energy,  and  the  other 
perhaps  &e  utmost  electro-positive  energy.  Next  to  oxygen  it  is  appa- 
rently the  most  widely  extended  and  abundant  of  all  known  bodies. 
Like  oxygen,  also,  it  forms,  in  combination  with  other  elements,  three 
sorts  of  compounds :  thus,  with  chlorine,  iodine,  &c.,  it  constitutes 
acids ;  with  nitrogen,  ammonia,  a  salifiable  basis ;  and  with  oxygen 
itself  it  forms  water,  with  arsenic,  arseniuretted  hydrogen,  neither  of 
which  bodies  have  acid  or  alkaline  properties.  M.  Gay  Lussac,  in  a 
paper  published  in  the  Annales  de  Ghimie,  for  July,  1814,  proposed  a 
classification  of  undecomposed  substances,  in  which  hydrogen  is 
reckoned  an  alkalizing  principle,  and  nitrogen  an  acidifying  principle ; 
but  the  inconsistency  of  this  theory  has  been  fully  demonstrated  by 
Sir  H.  Davy,  who  very  justly  remarks,  that "  When  certain  properties 
are  found  to  belong  to  a  compound,  we  have  no  right  to  attribute  these 
properties  to  any  of  its  elements,  to  the  exclusion  of  the  rest,  but  they 
must  be  reg^arded  as  the  result  of  combination.* 

Nitrogen, 

As  this  gas  is  contained  in  a  large  proportion  in 
atmospheric  air,  it  may  be  procured  by  burning 
phosphorus,  in  air  inclosed  over  water,  in  a  tall 
glass  iar.  The  phosphorus  may  be  placed  in  a 
small  basin  of  Wedgwood  ware,  as  in  the  annexed 
figure;  and  after  having  been  inflamed  with  a  red- 
hot  iron,  it  is  to  be  covered  with  the  inverted  jar 
or  bell-glass,  A.  llie  jar  should  have  an  open 
neck  at  top,  filled  with  a  stopper,  which  must  not 
be  inserted  at  first,  part  of  the  air,  expanded  by 

•  Joomal  of  Science,  ed.  at  R.  I.,  voL  i.  p.  S80. 
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heat,  being  allowed  to  make  its  escape ;  the  stopper  is  then  to  be  re- 
placed, and  the  combustion  suffered  to  continue,  till  the  phosphorus 
becomes  extinguished,  in  consequence  of  all  the  oxygen  having  been 
consumed.  The  remaining  gas,  after  the  jar  has  cooled,  must  be  well 
washed  with  lime-water,  and  the  product  will  be  pure  nitrogen.  This 
gas  ma)r  also  be  obtained  by  allowing  atmospheric  air  to  stand  in  an 
inverted  jar,  over  a  mixture  of  equal  parts  of  iron  filings  and  sulphur, 
made  into  a  paste  with  water ;  which  mixture  would  absorb  the  oxygen 
of  the  air,  and  leave  the  nitrogen  behind.  Another  method  of  pro- 
curing  nitrogen  is  by  passing  chlorine  gas  through  a  strong  solution  of 
ammonia  in  water.  In  this  case  the  ammonia,  which  is  a  compound 
of  hydrogen  and  nitrogen,  becomes  decomposed  by  the  chlorine,  which 
unites  with  its  hydrogen  to  form  muriatic  acid,  and  the  nitrogen  is 
given  out.  If,  however,  a  large  proportion  of  chlorine  be  used, 
chloride  of  nitrogen  will  be  formed,. 

Nitrogen,  however  it  may  be  obtained,  is  a  permanently  elastic 
fluid,  it  having  hitherto  resisted  all  attempts  to  reduce  it  to  the  liquid 
state  by  compression  aod  low  temperature.  It  is  a  colourless  gas, 
destitute  of  taste  and  smell,  unfit  for  respiration,  and  is  neither  in- 
flammable, nor  capable  of  supporting  combustion,  burning  bodies 
introduced  into  it  becoming  instantly  extinguished.  It  has  no  action 
on  vegetable  colours,  nor  upon  lime-water,  and  is  absorbed  by  water 
only  in  a  very  minute  proportion*  Its  weight  is  fourteen  times  that 
of  hydrogen,  and  it  is  therefore  somewhat  lighter  than  atmospheric 
air. 

Nitrogen  enters  into  combination  with  oxygen  in  various  propor- 
tions, forming  several  important  chemical  compounds.  It  is  likewise, 
as  already  stated,  one  of  the  constituents  of  atmospheric  air,  which 
consists  of  this  gas,  mixed  with  oxygen,  and  small  quantities  of 
aqueous  vapour  and  carbonic  acid  gas ;  but  these  latter  bodies  appear 
to  exist,  not  only  in  comparatively  minute,  but  also  in  variable  quanti* 
ties.  The  physical  properties  of  atmospheric  air  have  been  already 
described  and  elucidated  in  the  Treatise  on  Pneumatics ;  the  notice  of 
it  here  will  therefore  be  confined  to  its  chemical  properties  and  modes 
of  action. 

It  is  now  generally  admitted  by  chemists,  that  though  the  essential 
constituents  of  atmospheric  air,  oxygen  and  nitrogen,  are  always  found 
in  the  same  proportions,  yet  this  compound  gas,  in  which  we  live 
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and  breathe,  is  a  mere  mixture  of  its  component  parts.  Considered 
in  this  point  of  view,  common  air  presents  a  wonderful  uniformity  in 
various  situations.  For  air,  collected  by  means  of  a  balloon,  at  the 
distance  of  more  than  21,000  feet  above  the  surface  of  the  earth,  or  at 
the  level  of  the  sea,  procured  from  the  interior  of  crowded  towns  or 
cities,  or  from  the  tops  of  high  mountains,  and  from  the  equatorial,  or 
from  the  polar  regions  of  the  earth,  is  found  to  contain  about  one  part, 
by  measure,^of  oxygen,  and  four  of  nitrogen.  The  general  constitu- 
tion of  the  atmospnere  may  be  thus  more  exactly  stated : 

By  Measure.  By  Weight. 

Nitrogen         .        .    77.5      .  .  .      75.55 

Oxygen  .        .21.        .  .  .      23,32 

Aqueous  Vapour     .      1.42     .  .  .        1.03 

Carbonic  Acid         .      0.08     .  .  .        0.10 


100.  100. 

Since  nitrogen  gas  is  characterized  chiefly  by  negative  properties, 
and  is  especicdly  unfit  for  respiration,  the  purity  of  the  atmosphere  is 
always  estimated  by  the  quantity  of  oxygen  gas  which  it  contains ; 
and  hence  the  employment  of  instruments  called  Eudiometers,  coa- 
sisting  in  general  of  tubes,  adapted  to  apparatus  for  absorbing  or 
consuming  the  oxygen  of  a  given  quantity  of  air,  and  for  measuriag 
the  residuum. 

Among  the  chemical  compounds  of  nitrogen  and  oxygen,  the  first  is 
the  Protoxide  of  Nitrogen,  containing  a  larger  proportion  of  oxygon 
than  is  found  in  common  nir,  but  less  than  in  any  other  of  the  chemical 
compounds.  This  oxide,  which  is  a  gaseous  body,  was  discovered  by 
Dr.  Priestley  in  1776,  and  by  him  termed  Dephlogisticated  Nitrous  Air ; 
by  others  it  has  been  styled  Gaseous  Oxide  of  Azote ;  and  as  else- 
where mentioned,  from  its  effects  when  respired.  Intoxicating  Gas. 
It  may  be  obtained  by  exposing  the  next  compound,  nitric  oxide,  over 
a  mixture  of  sulphur  and  iron  filings ;  by  which  tlie  oxygen  will  be 
partially  absorbed,  and  the  protoxide  formed.  It  may,  however,  be 
obtained  more  readily,  and  in  a  state  of  greater  purity,  by  heating  in 
a  glass  retort  over  a  lamp  the  salt  called  nitrate  of  ammonia,  whicb 
becomes  decomposed  at  the  temperature  of  about  420<*,  into  hydrogen 
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and  protoxide  of  nitrogen.  The  gas  thus  obtained  is  destitute  of 
colour,  and  has  a  sweet  taste,  and  a  peculiar  agreeable  smell.  It  is 
easily  absorbed  by  cold  water,  which  takes  up  about  its  own  bulk  of  thi» 
gas,  and  gires  it  out  when  heated.  It  does  not  change  the  colour  of 
Tegetable  blues.  It  is  a  supporter  of  combustion,  and  a  taper  intro- 
duced into  it,  which  has  been  lighted  and  just  extinguished,  will  be 
rekindled,  and  bum  with  an  enlarged  flame,  surrounded  by  a  purplish 
halo.  Iron  wire  or  charcoal,  previously  made  red-hot,  will  bum  in  it 
almost  as  brilliantly  as  in  oxygen  gas,  but  for  a  shorter  time.  Phos- 
phorus and  sulphur,  when  introduced  into  it  while  in  a  state  of  actiFe 
inflammation,  bum  with  great  violence ;  but  if  immersed  in  this  gas 
while  they  are  bumins;  but  faintly,  the  flame  becomes  extinguished. 
When  mixed  with  hydrogen,  the  protoxide  of  nitrogen  may  be  made 
to  detonate  by  means  of  flame,  or  of  an  electric  spark.  Two  cubic 
inches  of  the  protoxide  require  two  cubic  inches  of  hydrogen  for  its 
decomposition;  water  in  this  case  being  produced,  and  two  cubic 
inches  of  nitrogen  remaining.  Now,  since  two  cubic  inches  of  hy- 
drogen require  one  cubic  inch  of  oxygen  to  form  water,  the  protoxiae 
of  nitrogen  must  be  composed  of  two  cubic  inches,  or  volumes  of 
nitrogen  and  one  of  oxygen,  condensed  into  the  space  of  two  volumes. 

The  singular  efiect  of  this  gas  when  breathed  has  been  already  men* 
tioned.  Though  the  temporary  use  of  it  is  seldom  attended  with  in- 
convenience, yet,  from  thd  great  excitement  it  produces,  it  cannot  be 
long  breathed  without  danger.  Experiments  relative  to  its  effects 
Bay  be  made  by  filling  a  clean  bladder  mth  some  of  the  gas,  the 
parity  of  which  has  been  previously  ascertained,  and  it  may  then  be 
inhaled  through  a  pipe,  with  a  stop-cock  adapted  to  it.  Different 
persons  are  variously  affected  by  it :  with  some  it  appears  to  be  nearly 
inactive,  but  most  persons  on  using  it  feel  their  spirits  greatly  exhila- 
rated, as  by  the  moderate  use  of  wine ;  and  upon  the  whole,  it  may  be 
regarded  as  occasioning  the  incipient  and  most  agreeable  effects  of 
intoxication. 

The  Nitric  Oxide  or  Deutoxids  ofNitrogm,  though  not  first  discovered, 
was  first  carefully  examined  by  Dr.  Priestley,  who  gave  it  the  name  of 
Nitrous  Gas.  It  may  be  obtained  by  decomposing  nitric  acid  by 
means  of  metals,  as  by  pouring  the  acid  on  copper  filings,  in  a  re- 
tort, and  collecting  the  fumes  which  will  be  produced  over  water.  The 
first  portions  that  pass  over  are  contaminated  with  nitrogen  and  nitrous 
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teid  gas,  and  should  therefore  he  rejected.  Nitric  oxide  is  a  coloiiN 
less,  gaseous  fluid,  sparingly  soluhle  in  water,  and  not  affecting  the 
colour  of  vegetahle  hlues.  It  is  quite  unfit  for  respiration.  Most 
flaming  bodies,  as  burning  sulphur,  are  extinguished  when  immersed 
in  it ;  but  charcoal  and  phosphorus  readily  burn,  if  introduced  into  it 
in  a  state  of  intense  ignition.  It  does  not  explode  with  hydrogen  in 
any  proportion,  but  produces  a  green  flame,  if  burnt  with  it,  in 
common  air.  When  nitric  oxide  is  mixed  with  oxygen  gas,  deep  red 
fiimes  are  formed,  which  are  readily  absorbed  by  water ;  and  the  same 
phenomenon  takes  place  when  this  gas  is  mixed  with  the  atmosphere* 
or  with  any  air  containing  oxygen.  Supposing  the  atomic  weight  of 
nitrogen  to  be  14,  this  oxide  consisting  of  1  atom  of  nitrogen  and  t  of 
oxygen,  its  combining  weight  must  be  14  -)-  16  =  30. 

Hyponitrmit  Acid  is  a  compound  of  nitrogen  and  oxygen,  interme- 
diate as  to  nitric. oxide  ana  nitrous  acid,  which  was  discovered  bj 
Gay  Lussac.  It  may  be  produced  by  mixing  nitric  oxide  and  oxygen 
over  mercunr,  with  a  little  concentrated  solution  of  potash  floatine 
above  it.  The  proper  proportions  are  four  volumes  of  nitric  oxide  and 
one  of  oxygen,  which  combine  together  and  unite  with  the  potash  ; 
firom  which  the  hyponitrous  acid  cannot  be  disengaged  without  de- 
composition. 

Nitrous  Acid  is  the  next  compound,  which  may  likewise  be  formed 
by  adding  oxygen  to  the  nitric  oxide ;  this,  however,  must  be  done  in 
an  exhausted  glass  vessel,  for  the  nitrous  acid  is  absorbed  both  by  water 
and  by  mercury.  When  two  volumes  of  nitrous  oxide,  and  one  volume 
ef  oxygen,  are  thus  mixed,  heat  is  evolved,  and  the  gases  become  con« 
densed  to  one- third  of  their  original  bulk,  forming  nitrous  acid.  This 
gas,  which  becomes  reduced  to  the  liquid  state  at  zero  of  Fahrenheit* 
is  readily  absorbed  by  water,  forming  an  acid  liquor.  Nitrons  acid 
gas  supports  the  combustion  of  charcoal  and  phosphorus,  but  extin- 
guishes burning  sulphur. 

Nitric  Acid  is  a  compound  in  which  oxygen  exists  in  the  largest 
proportion.  It  is  said  to  have  been  produced  in  a  minute  quantity  by 
passing  electric  sparks,  for  a  long  time,  through  a  mixture  of  nitrogen 
with  oxygen ;  but  it  may  be  more  readily  obtained  by  passing  nitric 
oxide  very  slowly  into  oxygen  gas  over  water.  However,  the  usual  mode 
of  procuring  it  is  by  the  decomposition  of  nitre  (nitrate  of  potash)  with 
fulphuric  acid  ;  the  latter  entering  into  combination  with  the  potash. 
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and  the  oitric  acid  may  be  distilled  over :  tbua  procured,  it  contains  at 
least  one-fourth  its  weight  of  water,  and  is  therefore  called  hydrated 
nitric  acid,  and  popularly  aqua  fortis.  In  this  state  it  is  a  transparent 
liquid,  colourless  when  pure,  having  an  intensely  sour  taste,  and  acting 
powerfully  on  animal  substances,  tinging  the  skin  yellow  when  but 
lightly  applied  to  it.  It  acts  with  great  energy  on  most  substances 
which  have  an  affinity  for  oxygen,  and  which  thus  decompose  it. 
When  brought  in  contact  with  nydrogen,  at  an  elevated  temperature, 
a  violent  explosion  takes  place :  the  experiment  therefore  cannot  be 
made  without  danger.  If  it  be  poured  on  warm,  dry,  pulverized  char- 
coal, inflammation  ensues;  and  abundant  fumes  of  nitric  oxide  are 
given  out.  Inflammation  may  also  be  produced  by  pouring  nitric  acid 
on  spirit  of  turpentine  ;  but  this  experiment  requires, caution,  and  the 
best  method  of  performing  it  is,  by  affixing  the  phial  containing  the 
acid  to  the  end  of  a  long  rod,  as  some  degree  of  explosion  takes  place. 
Other  essential  oils  may  also  be  inflamed  by  this  acid ;  and  with  oil  of 
amber,  it  forms  a  resinous  compound,  which  has  been  called  artificial 
musk,  having  an  odour  somewhat  resembling  that  of  musk. 

Chloride  of  Nitrogen. — Nitrogen  combines  with  chlorine,  though 
their  mutual  affinity  is  inconsiderable  ;  and  therefore  the  compound  is 
most  readily  obtained  by  the  indirect  process  of  passing  a  current  of 
chlorine  gas  through  a  solution  of  any  salt  containing  ammonia,  at  a 
temperature  of  about  90^.  The  salt  best  adapted  for  this  purpose  is 
nitrate  of  ammonia,  or  that  which  is  obtained  by  the  union  of  nitric 
acid  with  ammonia.  The  compound  called  chloride  of  nitrogen  then 
appears,  first  in  the  form  of  an  oily  film  on  the  surface  of  the  saline 
solution,  which  collects  into  yellowish  drops,  and  sinks  to  the  bottom 
of  the  vessel.  This  is  one  of  the  most  powerful  explosive  compounds 
with  which  we  are  acquainted  ;  and  it  is,  therefore,  too  dangerous  and 
unmauageable  to  be  applied  to  any  useful  purpose,  and  experiments 
made  on  it  require  the  utmost  care  and  caution.  M.  Dulong,  who  dis- 
covered it  in  1812,  lost  an  eye  and  the  use  of  a  finger  by  its  explo- 
sion ;  and  Sir  H.  Davy,  who  afterwards  made  experiments  on  it,  was 
wounded  in  the  face.  It  explodes  with  extreme  violence  at  the  tem- 
perature of  about  200^  ;  but  the  mere  contact  of  sulphur,  phosphorus, 
oil,  and  some  other  inflammable  bodies,  causes  its  detonation  at  com- 
mon temperatures.  The  composition  of  chloride  of  nitrogen  has  been 
diflferentJy  estimated  by  difierent  writers.     It  consists,  according  to 
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iMBe,  of  14  Niir.  -|- 108  CI1.9  whito  <idieni  state  it  to  be  14  Nitr.  -f 
144  Ch. 

With  iodine,  nitrogen  foms  a  compound  called  Jodid$  af  Nitrogen, 
It  may  be  obtained  by  pouring  a  solution  of  ammonia  upon  a  very 
amall  quantity  of  iodine.  It  is  an  insoluble  bkok  powder,  faighlT  ex* 
plosive,  as  tbe  slightest  touch  will  sometimes  cause  detonation.  Wben 
left  exposed  to  the  air  it  gradually  evaporates ;  or  if  moist,  becomes 
decomposed  into  nitrogen,  and  iodic  and  hydriodic  acids ;  and  it  is 
likewise  decomposed  by  hot  water,  and  by  mkaline  solutions. 

Ammonia, — Nitrogen  and  hydrogen  may  be  mixed  together  in  any 
proportions  without  combining ;  but  indirectly  they  may  be  united, 
forming  <iie  gaseous  compound  called  volatile  alkali  or  ammonia.  This 
appears,  under  certain  circumstances,  to  be  formed  naturally,  b«i^ 
found  in  Egypt  and  some  other  countries  in  combination  with  muriaftio 
aeid,  constituting  the  saline  substance  known  in  the  shops  by  the  name 
of  sal  ammoniac.     From  this  salt  ammonia  is  most  resMiily  procured. 
One  part  of  muriate  of  ammonia  (sal  ammoniac),  and  two  parts  of 
dried   quicklime,  both  powdered,  must  be  introduced  into  a  small 
glass  retort ;  and  upon  the  application  of  a  gentle  heat,  a  pungmt  gas 
will  be  evolved,  which  is  anunonia.    It  may  be  collected  over  mer- 
cury, or  if  collected  over  water,  it  will  be  rapidly  absorbed  by  tlMt 
fluid,  constituting  the  liquor  of  ammonia.    This  aUcali  is  at  oobudob 
temperatures  a  permanently  elastic  fluid ;  but  it  has  been  reduced  to 
the  liquid  state,  by  means  of  cold  and  pressure,  by  Mr.  Faraday.     Iii 
this  form  it  is  a  colourless,  transparent  liquid,  of  the  specific  gravity  of 
0.76 ;  and  its  refractive  power  exceeds  that  of  water.    Ammoniac^ 
gas  is  much  lighter  than  atmospheric  air ;  its  specific  gravity,  com- 
pared  with  that  of  hydrogen,  being  as  8.5  to  1.     It  has  a  very-  acrid 
odour,  which  is  not  disagreeable  when  considerably  diluted  with  com- 
mon air.     It  cannot  be  respired  alone,  as  animals  instantly  die  whoi 
immersed  in  it  *,  and  burning  bodies  are  extinguished  by  it.     The  gas 
itself  is  somewhat  inflammable,  for  a  small  jet  of  it  thrown  into  a  jar  of 
oxygen  will  bum,  the  products  being  water  and  hydrogen.     It  turns 
vegetable  blues   to  green,  and  renders  yellows  brown,  like   tttib&r 
alkalies ;  but  the  effect  is  not  permanent,  for  as  the  gas  exhales  tiba 
original  colours  return.     Water,  at  the  temperature  of  50^,  takes  op 
670  times  its  bulk  of  ammoniacal  gas;  becoming  increased  in  quantity, 
aad  lowered  in  specific  gravity.    In  this  slate  the  liquor  of 
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»  oonmottly  used,  both  for  chemioal  and  madioal  purposes.  This 
liquid  abforoB  ctrbonic  aoid  when  exposed  to  the  air,  and  ahoold 
therefore  be  preserved  in  well-stopped  glass  bottles.  At  the  heat  of 
about  140*'»  ammonia  is  rapidly  evolved  frost  it.  When  oonoentrated» 
it  congeals  at  40°,  assuming  a  gelatinous  appearance,  and  losing  its 
odour.  When  ice  is  introduced  into  a  jar  of  ammoniacal  gas,  it  melts 
quiokljr,  absorbing  the  gas,  and  £bmung  liquor  of  ammonia.  This  gas 
IB8T  be  deeomposed  into  its  constituent  parts,  bj  passing  it  through  a 
rea-hot  tube ;  and  the  decomposition  may  be  hastened  by  filling  the 
tabe  with  coils  of  iron  wire,  and  thus  presentin|^  to  the  gas  m  larger 
heated  surface.  The  products  may  be  received  in  a  jar  inverted  over 
water.  Dr.  Henry  ascertained,  that  a  mixture  of  ammonia  and  oxygen 
gas  might  be  inflamed  by  the  electric  spark.  The  alkaline  gas  also 
ahrae  may  be  decomposed,  by  passing  through  it  a  succession  of  elec- 
trical sparks :  by  this  process  its  volume  becomes  increased,  and  a 
cobic  inch  of  it  may  be  augmented  to  double  that  bulk,  by  paasiog  two 
or  three  hundred  charges  of  electricity  through  it.  Ammonia  is  fnrmed 
during  the  decomposition  of  many  animal  substances :  the  production 
of  thii  ^as  also  takes  place  in  consequence  of  the  violent  action  of 
nitric  acid  upon  phosphorus  and  some  other  metals,  and  it  is  formed 
by  exposing  to  an  atmosphere  of  nitrogen  moistened  iron  filings ;  and 
in  certain  other  cases,  in  which  the  gases  composing  it  are  g^ren  off 
■imnltaneously,  under  peculiar  drcumstanoes. 

Carbon, 

The  physical  properties  of  this  substance  in  its  usual  state  of  aggre* 
gation,  as  procured  from  the  distillation  of  animal  and  vegetable  sub* 
stances,  are  too  well  known  to  require  a  particular  description.  This 
body  may  be  obtained  in  the  state  of  charcoal,  fo^  experimental  pur* 
posea,  by  covering  pieces  of  wood  with  sand  in  a  large  crucible,  and 
exposing  them  for  about  an  hour  to  a  very  intense  heat.  The  charcoal 
Bsed  in  various  arts  and  manufactures  is  commonly  prepared  on  an 
•xtensive  scale*  by  the  imperfect  combustion  of  wood,  built  up  in  large 
piles,  and  covered  with  turf;  or  else  by  the  distillation  of  wood  in 
cast-inn  cylinders.  Lampblack  is  also  chiefly  composed  of  charcoal, 
eonsiatin^  of  soot,  collected  from  the  combustion  ot  the  refuse  resin, 
obtmned  m  making  turpentine.    Ivory-black  ia  another  oarbonaoaous 
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substance,  which  results  from  the  burning  of  bones  in  close  ▼easels. 
Coke  is  chiefly  composed  of  charcoal,  arising  from  the  distillation  of 
coal,  as  in  the  coal-gas  manufactories ;  but  it  is  often  contaminated 
with  sulphur  and  earthy  matter. 

Carbon,  as  already  stated,  appears  to  exist  in  the  purest  foxm  in  the 
diamond.  That  this  splendid  gem  was  an  inflammable  substance,  Sir 
Isaac  Newton  sagaciously  conjectured,  from  observing  that  it  was  pes. 
sessed  of  high  refractive  power ;  this  idea  derived  confirmation  froia 
the  experiments  of  the  Florentine  academicians  in  1694 ;  and  it  htm 
been  verified  more  recently  by  the  researches  of  Guyton  Morvean, 
Sroithson  Tennant,  Sir  H.  Davy,  and  other  philosophers.  The  dia- 
mond in  its  natural  state  is  composed  of  octaedral  crystals.  It  is 
brittle,  but  appears  to  be  harder  than  any  other  substance ;  and  hence 
the  powder  of  diamond  is  used  for  cutting  and  polishing  the  hardest 
gems,  and  the  diamond  itself,  for  the  purposes  of  ornamental  jewdleiy. 

Carbon,  as  commonly  procured  by  distilling  wood,  is  a  good  coo- 
ductor  of  electricity,  though  a  bad  conductor  of  heat.  It  remains  on* 
changed  by  air  or  water  at  common  temperatures ;  but  when  bigfalj 
heated,  readily  bums  in  oxygen  gas  or  common  air.  It  has  the  pro* 
perty  of  destroying  the  smell  and  taste  of  many  animal  and  vegetable 
substances ;  and  it  powerfullv  resists  putrefaction,  so  that  taintea  meet, 
if  covered  with  new-burnt  cbarcoal  for  a  few  hours,  becomes  perfectly 
sweet.  The  colours  of  vegetable  substances  are  also  greatly  aflPeeted 
by  charcoal ;  and  hence  it  is  sometimes  added  to  port  wine,  for  the 
purpose  of  giving  it  a  tawny  hue.  Vinegar  boiled  with  it  becomes 
colourless;  and  it  is  largely  used  in  refining  sugar, in  procuring  tnuns- 
parent  crystals  of  citric  acid,  and  in  other  processes.  Charcoal  ob- 
tained by  the  distillation  of  animal  substances  is  found  most  service* 
able  for  these  purposes.  Freshly-prepared  charcoal  largely  absorbs 
various  gases,  a  property  which  appears  to  depend  on  the  texture  of 
the  charcoal ;  and  the  different  kinds  of  this  substance  absorb,  in  various 
proportions,  aqueous  vapour  contained  in  the  air. 

Carbon  unites  with  oxygen  to  form  three  or  more  compounds,  an  oxide 
and  various  acids.  I'he  former  of  these,  Carbonic  Oiide,  is  a  gaseous 
body,  discovered  by  Dr.  Priestley ;  and  the  properties  of  which  were 
afterwards  investigated  by  Mr.  Cruikshank,  and  by  MM.  Clement 
and  Desormes,  in  France.  It  may  be  produced  from  the  decompo* 
sition  of  the  compounds  containing  carbonic  acid,  as  by  heating  in 
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iron  retort  a  mixtare  of  chalk  (carbonate  of  lime)  and  charcoal,  or  of 
equal  weights  of  chalk  and  filings  of  iron  or  zinc.  The  gas  resulting 
from  either  of  these  operations  may  be  collected  in  a  jar  inverted  and 
filled  with  water ;  and  it  must  be  purified  by  agitating  it  with  lime- 
water,  to  absorb  any  carbonic  acid  which  may  be  mixed  with  it.  Car- 
bonic oxide  gas  is  destitute  of  colour  and  taste ;  but  it  has  a  disagree- 
able smell,  and  is  highly  injurious  to  animals,  producing  giddiness  and 
fainting,  if  respired  when  mixed  with  atmospheric  air.  It  is  rather  lighter 
than  common  air,  100  cubic  inches  weighing  29.65  grains.  It  extin- 
guishes flame,  but  bums  with  a  faint  blue  light  when  combined  with  atmo- 
spheric air.  When  a  stream  of  this  gas  is  burnt  under  a  dry  bell-glass,  in 
common  air  or  oxygen  gas,  no  deposition  of  moisture  takes  place,  as  in  the 
combustion  of  hydrogen  and  its  compounds.  If  carbonic  oxide,  with  an 
equal  volume  of  hydrogen,  be  passed  through  a  red-hot  porcelain  tube, 
the  tube  will  become  lined  with  carbon,  arising  from  the  decomposition 
of  the  oxide,  and  water  will  be  formed ;  showing  that  at  a  high  tempera* 
ture,  oxygen  has  a  greater  aflSnity  for  hydrogen  than  for  carbon.  When 
carbonic  oxide,  mixed  with  half  its  volume  of  oxygen,  is  exposed  in 
a  detonating  tube  to  the  electric  spark,  an  explosion  will  take  place ; 
and  a  quantity  of  carbonic  acid  will  be  formed,  equal  in  bulk  to  the 
carbonic  oxide.  Hence  it  appears  that  carbonic  oxide  contains  just 
half  as  much  oxygen  as  carbonic  acid. 

Carbonic  Acid,  or  as  it  was  formerly  called  Fixed  Air,  is  a  compound 
gas,  formed  both  by  art  and  naturo,  in  a  variety  of  processes.  An 
abundant  production  of  this  gas  takes  place  in  the  combustion  of 
animal  and  vegetable  substances  in  general ;  but  the  most  interesting 
example  of  the  formation  of  carbooic  acid  occurs  when  the  diamond  is 
intensely  heated  in  common  air  or  oxygen  gas.  This  extremely  dense 
and  apparently  permanent  substance,  under  these  circumstances,  be- 
comes whoUy  converted  into  carbonic  acid ;  a  result  which  plainly 
demonstrates  it  to  consist  of  carbon  alone.  The  combustion  of  the 
diamond,  with  a  view  to  ascertain  with  accuracy  the  products  of  the 
operation,  appears  to  have  been  first  undertaken  by  Lavoisier  in  1772. 
In  1797,  Mr.  Tennant  determined  from  experiment  that  eoual  quan- 
tities of  carbonic  acid  were  obtained  when  equal  weights  or  diamond 
or  of  the  purest  charcoal  were  deflagrated  with  red-hot  nitre ;  and  more 
direct  experiments  were  subsequently  made,  by  causing  the  diamond 
to  undergo  combustion  in  oxygen  gas.  This  last  process  may  be  con« 
▼eniently  executed  by  meane  of  Uie  apparatus  exhibited  in  the  r^- 


jintd  dii^nm.  It  eonuiU  of  ■  gliM  glolw,  conlaiDiDg  iboat  140  eahie 
inobei,  hkTJng  fittad  to  ita  ueok  a  copper  cap,  witli  >  logs  Kpettara, 
iatowhicbs  Hop-cook  ii  lerewed,  and  from  wbicha  j«t-pipe,A,  liaa* 
into  the  interior  of  Ihe  globe.  Juat  aboTS  this  jet  two  wiTei,CC,taBii- 
iMts,  at  a  (hoit  distance  apart,  noe  of  them  being  attached  to  ihe  aids 
of  the  jet,  and  the  other  paaaing  throngb  an  insulating  glaaa  inba,  to 
jae  ontiide  of  the  apparatui,  forming  Iht  rii^  D.  On  the  end  of  (ba 
"■*  "  ^"^  ■--  fl  aocket  ■  onall  capiule,  B,  made  of  pUtipa  foil,  and 
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•o  ineh  from  tbe  extreiftky  of  the  jet,  and  the  arm  that  supports  is 
bent  so  that  the  stream  of  hydrogen,  used  to  set  tbe  diamond  on  fire« 
•hall  not  play  against  it.  The  lower  part  of  the  stop-cock  screws  on  a 
small  pillar,  fixed  to  a  stand ;  and  at  tbe  side  is  an  aperture,  from 
which  passes  a  tube  with  another  stop-cock,  bv  which  a  bladder  filled 
with  hydrogen  gas  may  be  connected  with  the  apparatus.  When  a 
diamond  is  to  be  submitted  to  combustion,  it  is  to  be  placed  in  tbe 
capsule  B,  and  the  globe  must  be  removed  from  the  pillar  and  placed 
on  an  air-pump,  and  when  exhausted,  refilled  with  oxygen  gas.  It  is 
then  to  be  carefully  screwed  on  the  pillar  again,  and  Uie  bladder  of 
hydrogen  gas  attached  to  the  lateral  tube.  The  ring  D  must  then  be 
ccnnectcd  with  the  conductor  of  an  electrical  machine,  by  a  chain  or 
wire,  and  a  continued  discharge  of  electric  sparks  beiog  made  to  pass 
^tween  the  wires  CC,  the  stop-cock  next  the  bladder  must  be  opened^ 
Bid  a  current  of  hydrogen  thrown  in,  which  inflaming,  beats  the  cap- 
rale  and  diamond  to  white  heat,  and  the  diamond  taking  fire>  will  bum 
without  any  further  supply  of  hydrogen.  One  or  more  small  diamonds 
may  thus  be  exposed  to  combustion,  and  they  will  continue  to  burn, 
producing  a  strong  white  heat,  till  so  reduced  in  size  as  to  be  cooled 
too  low  by  tbe  platina  capsule.  When  hydrogen  is  thus  employed  to 
inflame  the  diamonds  a  little  water  will  be  formed  in  addition  to  the 
products  of  tbe  combustion  of  the  gem.  This  inconvenience  may  be 
avoided  by  using  the  flame  of  carbonic  oxide.  As,  however,  no  hy- 
drogen has  been  found  to  exist  in  tbe  diamond,  it  is  better  to  use  that 
gas  as  tbe  beating  agent ;  for  then  the  tiarbonic  acid  produced  by  the 
diamonds  will  be  unmixed  with  any  iiom  another  source,  and  it  may 
be  collected  and  its  quantity  exactly  ascertained.* 

Carbonic  acid,  when  wanted  for  the  purpose  of  experiment,  may 
however  be  most  readily  obtained  by  decomposing  the  combinations  of 
this  add  with  alkalies  or  earths.  Thus  chalk  or  marble  (carbonate  of 
lime),  when  dropped  in  small  fragments  into  diluted  sulphuric  or 
Boriatio  acid,  will  give  out  abundance  of  this  gas.  Vinegar  or  almost 
aaj  other  aoid  may  be  used  instead  of  those  just  mentioned ;  as  the 
amnity  of  carbcmio  acid  for  salifiable  bases  appears  to  be  weaker  than 
that  of  most  if  not  all  other  acids.  Carbonic  acid  gas  may  be  collected 
over  water,  which  however  absorbs  a  large  portion  of  it,  even  at 

*  Jownal  of  Soisooe,  cd.  at  H.  I.,  vol.  is.  pp.  864,  ste. 
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common  pressures  and  temperatures.    The  gas  is  destitute  of  colour 
or  smell ;  but,  like  oiher  acids,  it  has  a  sour  taste.     It  is  much  heavier 
than  common  air,  and  is  uninflammable,  extinguishing  burning  bodies 
which  are  plunged  into  it.     Owing  to  its  great  specific  gravity,  it  mvy 
be  poured  from  one  vessel  to  another,  like  a  liquid ;  and  will  remain 
for  some  time  at  the  bottom  of  an  open  jar,  without  mixing  with  the 
atmospheric  air  above  it.    Hence  a  curious  effect  maj  be  produced,  Ij 
placing  a  lighted  taper  at  the  bottom  of  a  tall  glass  jar,  and  pourisg 
carbonic  acid  into  it,  which  will  immediately  extinguish  the  taper,  j«8t 
as  if  water  had  been  poured  over  it.     It  is  highly  deleterious  to  aili* 
mals,  and  cannot  be  breathed  without  the  utmost  danger,  as  appears 
from  numerous  instances  which  have  occurred  of  persons  who  ha^e 
lost  their  lives,  by  being  shut  up  in  a  close  chamber  with  brasiers  «r 
chafing-dishes  of  burning  charcoal,  or  by  descending  into  vats  at  tbt- 
bottom  of  which  this  gas  had  been  produced  from  the  fermentation  oc 
vinous  liquors.     It  is  also  sometimes  found  in  the  lower  parts  of  welh 
or  mines,  where  it  occasions  fatal  accidents ;  and  it  is  called  by  miners 
the  choke-damp.     It  is  discharged  from  the  surface  of  the  water  of 
some  natural  springs ;  from  caverns,  and  narrow,  deep  valleys,  of 
which  phenomena  an  account  will  be  found  in  another  part  of  this 
volume.    As  water  readily  takes  up  this  gas,  so  it  may  be  made  by 
pressure  to  absorb  a  large  quantity  of  it.    Thus  is  prepared  the  liquor 
called  soda  water,  which  in  general  consists  of  water  only,  abondaatly 
impregnated  with  carbonic  acid  by  pressure  and  agitation.    A  similar 
fluid  is  formed  by  nature  in  the  bowels  of  the  earth,  constituting  pecu- 
liar  mineral  waters,  as  those  of  Spa,  Seltzer,  and  Pyrmont ;  thoug*!! 
these  waters  appear  also  to  contain  small  quantities  of  saline  matter 
as  well  as  carbonic  acid.     Water  impregnated  with  this  acid  red- 
dens paper  stained  with  a  blue  colour  by  litmus ;  but  t^e  tint  tfaas 
given  is  not  permanent,  like  that  occasioned  by  the  stronger  scide. 
Carbonic  acid  has  been  reduced  from  the  state  of  gas  to  that  of  liquid 
by  compression.   Mr.  Faraday  obtained  it  in  this  form  by  disengfaging 
it  from  carbonate  of  ammonia  by  means  of  sulphuric  acid,  in  a  glass 
tube  hermetically  sealed,  one  end  of  which  was  mmiersed  in  a  freesiii|f 
mixture.    The  liquid  acid  was  colourless,  and  floated  upon  the  sttV> 
phuric  acid  and  water  contained  in  the  tube.    It  distilled  rapidly  ov«r, 
at  a  temperature  below  the  freezing-point  of  water.     The  pressure 
under  which  this  fluid  was  formed  was  estimated  to  be  equal  to  thirty- 
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six  atmospheres.  Carbonic  acid  maj  be  decomposed  bj  the  action 
of  the  metal  potassium,  which  having  a  stronger  attraction  for  oxygen 
than  the  carbon  has,  when  it  is  heated  in  carbonic  acid  it  bums  with 
great  splendour ;  charcoal  is  deposited,  and  an  oxide  of  potassium  is 
formed.  When  carbonic  acid  obtained  by  burning  a  diamond  is  thus 
decomposed,  the  carbon  produced  is  found  to  be  exactly  equal  in 
weight  to  that  of  the  diamond  consumed.  Carbonic  acid  may  also  be 
decomposed  by  hydrogen  and  other  bodies;  but  phosphorus  when 
heated  in  this  gas  does  not  effect  its  decomposition,  the  affinity  of  carbon 
for  oxygen  being  apparently  greater  than  that  of  phosphorus. 

Besides  the  two  compounds  of  carbon  and  oxygen  which  have  been 
just  noticed,  there  are  two  if  not  three  more  bodies  of  an  acid  nature 
which  also  appear  to  be  constituted  of  the  same  elements,  but  in  dif- 
ferent proportions.    These  are  the  oxalic,  mellitic,  and  croconic  acids. 

Oxalic  Acid  is  a  production  of  nature,  being  contained  in  the  state 
of  a  salt,  combined  with  potash,  in  wood-sorrel  {OxalU  aeetosella), 
common  sorrel  {Rumex  aeetosa),  and  in  several  species  of  lichens.  It 
may  likewise  be  procured  artificially,  by  the  action  of  nitric  acid  oh 
sugar.  Bergmann  ascertained  it  to  be  a  peculiar  kind  of  acid,,  and  it 
was  long  supposed  to  be,  like  most  of  those  derived  from  vegetables, 
a  compound  of  carbon  and  hydr<^en  with  oxygen ;  but  Dobereiner 
conjectured  it  to  consist  of  carbon  and  oxygen  only,  as  is  now  gene- 
rally admitted.  When  obtained  from  the  oxygenation  of  sugar,  or 
from  the  decomposition  of  any  of  its  salts,  it  forms  tetraedral  prismatic 
crystals,  resembling  in  their  general  appearance,  sulphate  of  mag- 
nesia (Epsom  salt) ;  and  as  it  is  a  powerful  poison,  many  fatal  acci- 
dents have  been  occasioned  by  its  being  mistaken  for  that  salt.  In  the 
crystalline  state,  the  oxalic  is  a  hydrated  acid,  containing  a  definite 
portion  of  water,  which  cannot  be  separated  from  it,  without  causing 
Its  decomposition. 

Mellitie  Add  is  of  mineral  origin,  being  found  in  combination  with 
alumine  in  the  mellite  or  honey- stone. 

Croconic  Acid,  which  was  discovered  a  few  years  ago  by  M.  Gmelin, 
is  an  artificial  product,  the  nature  of  which  has  not  been  properly 
ascertained ;  but  it  appears  to  be  a  compound  analogous  with  the  two 
preceding  acids,  but  differing  from  them  in  the  relative  proportions  of 
Its  constituents. 
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'  Tlie  following  are  the  respective  qnantitieB  of  cirboB  end  oxygen  ia 
the  aeyeral  compoimds  of  those  bodies,  aecovding  to  MitscherUch : 

Carbonic  Acid  =  100  Carbon  4^  265.23  Oxjgen. 
Oxalic  Acid  ss  100  Carbon  -f  19B-92  Oxygen. 
Carbonic  Oxide  =  100  Carbon  -f  132.615  Oxygen. 
Mellitic  Acid      =:  100  Carbon  +    99.46    Oxygen.* 

With  chlorine  carbon  nnites  in  three  preportioae.  The  Protochioridg 
of  Carbon  may  be  obtained  by  passing  the  vapour  of  the  perdUortde 
through  a  red-hot  tube  containing  frajiments  of  rock  crystal,  to  increase 
the  heated  surface,  and  thus  a  portion  of  chlorine  is  driven  off,  awl 
the  protochleride  is  formed.  It  is  a  limpid,  colourless  liquid,  which 
does  not  become  congealed  at  zero  of  Fahrenheit,  and  is  volatilized  at 
about  165**.  Its  specific  gravity  is  1.55.  It  is  insoluble  in  water,  but 
mixes  readily  with  alcohol,  ether,  and  oils.  It  dissolves  chlorine^ 
iodine,  sulphur,  and  phosphorus.  It  is  not  combustible  unless  held 
in  the  flame  of  a  lamp,  to  which  it  communicates  a  yellow  tinge,  and 
gives  off  much  smoke,  mixed  with  fumes  of  muriatic  acid. 

Perehlondo  of  Carbon  may  be  formed  by  exposing  carburetted  hy- 
drogen gas,  mixed  with  a  great  excess  of  chlorine,  to  the  action  of 
light.  The  perchloride  thus  obtained  is  a  transparent  colourless  cry8« 
talline  sabstance,  having  no  taste,  but  an  odour  resembling  that  of 
camphor.  Its  specific  ^nviij  is  about  2 ;  it  is  a  non-conduotor  of 
electricity,  and  powerfully  re&acts  light.  It  ia  volatile  at  low  tem* 
peratuies,  dissolves  at  320**,  and  boila  at  360*^  Fahrenheit,  and  it  may  be 
distilled  without  beooming  decomposed,  its  vapour  again  condenaiag 
into  crvslals  as  it  cools.  It  is  not  readily  combustible,  but  bums  with 
a  red  dame,  when  held  in  the  flame  of  a  spirit-lamp,  becoming  decona. 
posed,  and  forming  charcoal  (which  flies  off  in  smoke)  and  muriatic 
acid.  It  does  not  dissolve  in  water,  but  readily  in  alcohol  and  ether, 
and  also  in  volatile  and  fixed  oils.  Potassium  bums  brilliantly  in  ita 
.vapour,  chloride  of  potassium  being  formed,  and  carbon  deposited. 

There  is  a  third  compound  called  the  Subckhrid§  of  C«r6oa»  which 
was  discovered  to  have  been  accidentally  formed,  in  very  sbmU  qi 

*  Introd.  to  Chemistry,  vol.  i.  p.  412. 
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titles,  in  a  maniifactoiT  of  nitric  acid,  from  nitre  and  oil  of  Titriol,  in' 
Sweden.  It  is  a  solid  crystalline  body,  volatilizing  by  heat,  witboot 
decomposition.  It  has  a  peculiar  SBnell,  but  in  most  of  its  propetties 
resembles  the  percbloride,  containing  howerer,  apparently,  a  smaller 
quantity  of  chlorine  than  eren  the  protochloride. 

Iodide  of  Carbon  may  be  obtained  by  mixing  a  saturated  solution  of 
iodine  in  alcohol,  wiui  a  strong  alcoholic  solution  of  potash,  when 
part  of  the  iodine  will  unite  with  the  potassium,  and  the  oxygen  thua 
disengaged  will  combine  with  the  hydrogen  of  the  alcohol,  to  form 
water;  while  another  part  of  the  iodine  combines  with  the  carbon  of 
the  alcohol.  Iodide  of  carbon  is  a  lemon-cdoared'  solid,  forming 
bright  crystals,  haying  a  sweetish  taste,  and  an  odour  like  saffron.  Its 
specific  gravity  is  nearly  S.  It  does  not  dissolve  in  water,  but  readily 
in  alcohol,  and  still  more  so  in  ether.  It  also  dissolves  in  oils,  and 
when  its  solution  in  oil  of  lemon  is  exposed  to  light,  the  iodine 
becomes  decomposed,  and  carbon  and  iodine  are  deposited.  The  strong 
acids  do  not  act  on  it,  nor  the  aqueous  solution  of  chlorine,  but 
ehlorine  gas  decomposes  it.  It  evaporates  at  low  tempmatures,  and 
dissolves  at  about  t48^,  soon  hecoming  decomposed,  and  giving  out 
vapours  of  iodine,  and  a  bright  charcod.  When  this  solid  iodide  is 
mixed  and  distilled  with  percbloride  of  mercury,  a  liquid  is  procured, 
which  is  likewise  an  iodide  of  carbon,  which  appears  to  consist  of  one 
proportion  of  iodine,  and  one  of  carbon ;  while  the  solid  compound  con- 
tains three  proportions  of  iodine,  and  two  of  carbon,  the  latter,  there^ 
fore,  is  a  sesqui-iodide,  and  the  liquid  an  iodide,  or  rather  a  protiodide 
of  eaibon. 

Carbon  unites  with  hydrogen  in  several  proportions,  forming  a 
variety  of  compounds.  S%tbearbu'nt  of  Hydrogen  is  formed  at  the 
bottom  of  pools  of  stagnant  water,  containing  vegetable  matter  in  a 
state  of  deeompoaition.  It  is  a  gaseous  body,  and  may  be  collected  in 
an  (inverted  bottle,  with  a  funnel  adapted  to  it,  and  the  gas  thus 
obtained  must  be  purified  by  passing  it  tiirough  lime-water,  or  a  solu- 
tion of  potash*  It  is  then  colouriess  and  transparent,  having  but 
little  smell,  and  being  soluble  only  in  a  minute  proportion  in  water.  It 
is  inflammable,  burning  with  a  yellow  flame,  and  giving  out  much 
more  light  than  hydrogen.  If  mixed  in  certain  proportions  with 
atmospheric  air  or  oxygen  gas,  a  violent  explosion  takes  place  on  the 
introduction  of  flaae.    The  spontaneoui  produotion  of  this  gas  fro- 
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^uentljr  takes  place  in  coal-mines,  fonning  what  the  miners  call  fire-- 
amp»  which  from  its  tendency  to  explode,  when  mixed  with  common 
air,  has  been  the  cause  of  numerous  dreadful  disasters.  As  the  mix- 
ture of  these  gases  is  exploded  onlj  when  it  comes  it  contact  with 
flame,  various  methods  have  been  adopted  to  furnish  the  labourers^ 
who  work  in  coal-mines,  with  light,  without  incurring  the  risk  of 
explosion.  With  this  view  was  invented  a  kind  of  mill,  for  pro- 
ducing continuous  circles  of  sparks,  by  the  action  of  flint  on  steel, 
but  the  light  thus  given  out  is  too  inconsiderable  to  be  of  much  ser- 
vice ;  and  hence  different  kinds  of  safety-lamps  have  been  contrived, 
of  which  the  most  efficient  appears  to  be  that  of  Sir  H.  Davy, 
described  in  the  former  volume  of  this  work.* 

Carburet  of  Hydrogen  may  be  procured  by  heating  gently,  over  a 
lamp,  in  a  retort,  four  parts  of  sulphuric  acid,  and  one  of  alcohol.     In 
this  operation  the  mixture  becomes  black,  and  an  abundant  dis* 
engagement  of  gas  takes  place,  which  may  be  collected  over  water, 
and  purified  by  agitating  it  with  lime-water,  or  solution  of  potash. 
This  gas  is  colourless,  and  when  pure  has  but  little  smell.     It  is  in- 
flammable, burning  with  a  dense  white  flame,  which  gives  much  light. 
Water  absorbs  about  ^  of  its  bulk  of  this  gas,  and  it  is  also  absorbed 
by  sulphuric  acid,  without  undergoing  decomposition.    If,  however, 
these  bodies  be  placed  in  contact  for  several  days,  one  volume  of  sol* 
phuric  acid  will  absorb  between  eighty  and  ninety  of  the  gas,  forming 
a  peculiar  compound.    When  sulphur  is  heated  in  a  given  quantity  of 
this  gas,  carbon  ia  separated,  and  twice  its  bulk  of  sulphuretted 
hydrogen  formed.    As  hydrogen  undergoes  no  change  of  volume  in 
combining  with  sulphur,  it  appears  that  carburetted  hydrogen  must 
contain  two  volumes  of  hydrogen  condensed  into  the  space  of  one ; 
hence  this  gas  requires  for  its  complete  combustion  three  volumes  of 
oxygen,  and  the  product  will  be  water  and  two  volumes  of  carbonic 
acid.    This  gas  may  also  be  decomposed  by  passing  it,  and  repassing 
it,  through  a  red-hot  tube  of  iron  or  earthenware,  wnen  the  carbon  it 
contains  is  deposited,  and  its  hydrogen  becomes  expanded  to  double 
the  original  bulk.     This  gaa  when  first  discovered,  in   1796,   i^aa 
termed  Olefiant  Gas,  from  its  property  of  forming  a  substance  like  oil 
when  added  to  chlorine.    If  equal  quantities  of  carburet  of  hydrogpen 

«  See  Pyronomics,  p.  sss,  Sd  edit.  p.  S42. 
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and  chlorine  be  mixed  together,  a  diminution  of  bulk  takes  place,  and 
a  substance  is  produced,  having  the  appearance  of  oil,  but  resembling 
ether  in  its  general  properties.  It  is  a  liquid  which  boils  at  15ii!^ 
Fahrenheit,  and  its  specific  gravity  at  45^  is  1.122.  It  consists  of  equal 
volumes  of  chlorine  and  carburet  of  hydrogen,  and  it  has  been  termed 
Hydrochloride  of  Carbon, 

Olefiant  gas  also  combines  with  iodine  and  bromine,  to  form  definite 
compounds. 

In  addition  to  the  gaseous  carburet  and  subcarburet  of  hydrogen, 
Dr.  Dalton  and  some  other  writers,  mention  a  third  compound  of 
carbon  and  hydrogen,  called  super-olefiant  sas,  as  it  requires,  for  its 
complete  combustion,  a  larger  proportion  oi  oxygen  than  the  olefiant 
gas.  But  It  seems  uncertain  whether  this  elastic  fluid  is  a  definite 
chemical  compound,  or  merely  a  mixture  of  the  preceding  inflammable 
gases.  There  are,  however,  several  other  combinations  of  carbon  and 
hydrogen,  which  are,  under  common  temperatures  and  pressures, 
liquids  or  solids.  Among  the  former  may  be  mentioned  two  liquids 
obtained  by  Mr.  Faraday,  from  the  fluid  matter  which  occurs  in  the 
distillation  of  whalcoil,  for  the  production  of  oil-gas,  one  of  which  is 
the  lightest  of  all  known  bodies,  except  gases,  its  specific  gravity  being 
0.60li!;  naphtha,  a  volatile,  inflammable  liquid,  obtained  during  the  dis» 
tillation  of  coal-tar,  and  also  occurring  in  some  parts  of  the  world)  in 
springs,  more  or  less  mixed  with  water  ;  oil  of  wine,  formed  during 
the  preparation  of  sulphuric  ether ;  rectified  oil  of  turpentine,  which 
appears  to  be  very  similar  in  its  constitution  to  naphtha;  oil  of  lemon, 
and  probably  other  essential  oils.  The  solid  compounds  of  carbon  and 
hydrogen  include  naphthaline,  a  crysialline  body,  which  occurs  in  the 
distillation  of  coal-tar;  paraffin,  another  crystallizable  substance,  found 
among  the  products  of  the  destructive  distillation  of  wood  ;  a  kind  of 
scaly  crystals  held  in  solution  by  oil  of  roses,  from  which  they  may  be 
separated  by  exposure  to  a  low  temperature,  and  the  ciystals  may  be 
freed  from  the  adhering  oil  by  pressure  between  leaves  of  blotting- 
paper,  kept  very  cool ;  and  caoutchouc,  or  the  substance  called  Indian 
rubber. 

There  is  a  circumstance  highly  deserving  of  attention  with  regard 
to  the  compoundti  of  carbon  and  nydrogen  which  may  here  be  noticed. 
So  far  as  we  are  acquainted  with  the  atomic  constitution  of  these 
bodies,  they  appear  to  be  susceptible  of  arrangement  in  classes  or  sec- 
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tiODBy  each  divBioa  oonttsting  of  a  given  number  of  eaibnrets  of  hj^ 
drogen,  agreeing  with  each  other  in  the  relative  proportion!  of  thor 
conatituents,  bat  differing  more  or  lesa  in  their  propertiea  and  modes 
of  action.  As  examples  of  the  compounds  in  question  maj  be  speoi* 
lied  olefiant  gas,  paraffin,  Faraday's  volatile  liquid  carbo-hydrogen,aiid 
oil  of  wine,  in  all  which  carbon  and  hydrogen  exist  in  equal  proporw 
tions ;  and  oil  of  lemon,  oil  of  turpentine,  and  a  liquid  called  campbo- 
gene,  or  the  basis  of  camphor,  in  which  the  quantity  of  carbon  is  to 
that  of  hydrogen,  as  5  to  4.  Other  instances  of  a  corresponding 
nature  will  be  uoticed  in  treating  of  phosphorus. 

Carbon  unites  with  nitrogen  to  form  a  remarkable  compound  called 
Cyanogen,  or  the  basis  of  prussic  or  hydrocjranic  acid,  which,  by  ita 
combination  with  oxide  of  iron  produces  Prussian  blue.     It  ia  pro- 
perly a  bicarburet  of  nitrogen,  and  in  order  to  obtain  it,  it  is  neeeassaj 
first  to  form  the  salt,  formerly  called  pnissiate  of  mercury,  but  now 
eyanuret  of  mercury.    This  is  composed  by  boiling  red  oxide  of  mer- 
•oury ,  with  twice  its  weight  of  Prussian  blue,  in  a  sufficient  quantity  <if 
water,  when  those  bodies  will  unite  to  form  a  crystallizable  compound, 
llie  cyanuret  of  mercury,  thus  obtained,  after  having  been  carefully 
dried,  at  a  temperature  below  21 2*^  Fahrenheit,  must  be  heated  in  a 
«mali  glass  tube,  when  it  becomes  black,  and  liquefiea,  and  is  at  length 
decomposed.    The  mercuxy  becoming  condensed  in  the  cold  part  of 
the  tube,  and  a  gas  being  at  the  same  time  evolved,  whioli  moat 
be  collected  over  mercury.    This  is  cyanogen,  which  at  the  usual  tem- 
perature and  pressure  of  the  atmosphere,  is  a  permanently  elastie 
fluid,  though,  as  elsewhere  stated,  it  has  been  condensed  to  the  liqaid 
state  by  Mr.  Faraday.     It  has  a  peculiar  pungent  odour,  resembling 
that  of  bitter  almonds,  and  it  is  destitute  of  colour.    It'^is  inflammable, 
burning  in  contact  with  air,  with  a  fine  purple  flame ;  but  any  burning 
i>ody,  as  a  lighted  match,  plunged  into  it  becomes  extinguished.     It 
dissolves  in  water  and  more  largely  in  alcohol.     The  acjueous  soliitaGn 
reddens  vegetable  blues,  and  according  to  Vauquelm,  it  becooMa 
spontaneously  decomposed,  and  converted  into  carbonic  and  hydro- 
cyanic acids,  ammonia,  a  peculiar  acid  called  the  cyanic,  and  a  brown 
substance  containing  carbon ;  the  ammonia  combines  with  the  aeida, 
and  the  carbonaceous  compound  is  deposited.     These  phenomenm  ava 
owing  to  the  reaction  of  the  elements  of  cyanogen  upon  thoao  of 
water.    When  cyanogen  is  niied  with  oxygen,  it  may  be  explodad  by 
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the  electric  spark.  If  one  Tolume  of  this  gBs,  and  two  of  ozjgen  he 
detonated  over  mercury,  the  product  will  consist  of  two  Tolumes  of 
carhonic  acid,  and  one  of  nitrogen. 

CTanoeen,  though  a  compound,  enters  into  comhination  with  ele- 
mentary  hodies,  in  a  manner  very  similar  to  the  mode  of  action  of 
oxygen  and  chlorine.  Thus,  like  oxygen,  it  comhines  with  several  of 
the  metals,  constituting  compounds,  which  might  he  termed  cyanides, 
though  they  are  generally  called  cyanurets,  and  as  chlorine  forms  with 
hydrogen  muriatic  acid,  so  cyanogen  combined  with  hydrogen  forms 
Hydrocvanie  or  Pru$$ic  Acid, 

The  chemical  properties  of  this  acid  may  here  he  described.  It  may 
be  obtained  by  heating,  in  a  tubulated  glass  retort,  three  parts  of 
eyanuret  of  mercury,  with  two  parts  by  weight  of  concentrated  mu« 
natic  acid.  A  vapour  rises,  consisting  of  water,  and  the  muriatic  and 
prussic  acids,  the  former  of  which  may  be  separated  by  passing  the 
rapour  through  a  narrow  tube,  containing  fragments  of  marble.  It 
must  then  be  passed  over  dry  chloride  of  calcium,  and  condensed  in  a 
▼essel  surrounded  with  ice.  The  prussic  acid  thus  obtained,  is  a 
Hmpid  fluid  with  a  strong  smell,  like  that  of  laurel  water,  or  bitter 
almonds,  and  an  acrid  taste.  It  is.  extremely  deleterious,  proving 
destructive  to  animal  life,  in  a  small  quanti^,  when  either  swallowed 
or  inhaled,  and  therefore  the  utmost  care  should  be  taken  in  preparing  it 
to  avoid  breathing  the  vapour,  which,  when  much  diluted  with  atmo* 
spheric  air,  will  cause  giddiness  and  headache.  This  acid  volatilises  so 
rapidly,  as  to  freeze  in  consequence  of  the  cold  produced  by  its  eva^ 
poration.  Its  specific  gravity  compared  with  hydrogen  is  19.5,  100 
cubic  inches  weighing  28.593  grains.  It  consists  o^  one  volume  of 
cyanogen,  and  one  of  hydrogen,  lliis  acid  slightly  reddens  litmus 
paper,  and  it  combines  with  alkalies,  and  other  bases,  to  form  salts ;  but 
its  affinities  are  so  feeble,  that  these  compounds  are  decomposed  even 
by  carbonic  acid.  It  dissolves  in  any  proportion  in  water  and  alcohol ; 
and  it  is  occasionally  used  as  a  powerful  medicine,  and  therefore  in 
small  doses,  chiefly  as  a  sedative,  in  cases  of  phthisis  pulmonalis. 

Boron  • 

This  substance  is  usually  obtained  by  heating  together,  in  a  copper 
•r  iroA  tube,  one  part  of  boracic  acid,  nnoerly  callM  the  sedative  saH 
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of  Homberg,  preyiously  melted  and  powdered,  and  two  parts  of  poti 
Biiun ;  when  the  temperature  being  raised  till  the  tube  becomes  red, 
the  metal  attracts  the  oxygen  from  the  acid,  and  the  boron  may  thus  be 
procured,  in  the  form  of  a  brown  powder,  having  neither  taste  nor 
smell,  and  insoluble  in  water,  alcohol,  ether,  or  oil,  even  when  heated. 
It  is  permanent  in  the  air  at  common  temperatures,  and  is  infusible. 
It  is  a  non-conductor  of  electricity ;  and  its  specific  gravity  is  more 
than  twice  that  of  water.  It  does  not  decompose  water  when  heated  to 
176^  of  Fahrenheit.  At  low  temperatures,  boron  remains  unchanged 
in  atmospheric  air  or  oxygen ;  but  at  a  temperature  of  600°  of  Fuhren- 
heit  it  bums  with  brilliancy,  becoming  united  with  oxygen,  and  form- 
ing Boracic  Acid, 

This  acid,  which  is  used  in  medicine,  is  generally  obtained  froak 
the  decomposition  of  borax  by  sulphuric  acid.  It  may  be  crystallized 
in  the  form  of  small,  shining  plates  or  scales,  in  which  state  it  is  com- 
bined with  water,  constituting  a  hydrate ;  but  by  exposure  to  a  strong 
red  heat,  it  melts  into  a  hard  transparent  glass  -,  and  at  a  white  heat 
it  becomes  slowly  sublimed.  In  the  state  of  hydrate  its  specific  gra- 
vity is  1.48,  and  in  that  of  glass  about  1.8.  It  dissolves  sparingly  in 
water,  and  the  solution  reddens  vegetable  blues,  like  other  acids ;  but 
when  applied  to  paper  wetted  with  infusion  of  turmeric,  it  acts  like  an 
alkali,  tinging  it  brown.  The  solution  of  boracic  acid  in  alcohol  bnrna 
with  a  green  flame.  This  acid  is  found  naturally  in  the  hot  springs  of 
Sasso,  in  Tuscany,  and  also  in  the  Lipari  Islands ;  and  it  likewise 
occurs  combined  with  magnesia  in  the  mineral  called  boracite. 

Boron  may  be  made  to  combine  with  chlorine,  by  passing  that  gas 
over  charcoal  and  boracic  acid  in  a  state  of  incandescence.  The 
Chloride  of'  Boron  thus  formed  is  a  gas,  which  may  be  collected  over 
mercury.  It  is  colourless,  heavier  than  air,  and  emits  fumes  when 
exposed  to  air^  but  does  not  undergo  decomposition  when  strongly- 
heated. 

A  gaseous  acid  called  the  Borofiuoric  Acid,  was  obtained  by  the 
Frencn  chemists.  Gay  Lussac  and  Thenard,  by  heating  together  vitri- 
fied boracic  acid  and  fluor  spar  (fluoride  of  calcium).  In  this  process 
the  oxygen  of  the  boracic  acid  appears  to  enter  into  union  with  the 
calcium  of  the  spar,  forming  oxide  of  calcium,  and  the  fluorine  being 
thus  set  free,  unites  with  the  boron  to  form  the  acid  gas.  It  is  colour- 
less, but  has  a  powerful  smell,  like  muriatic  acid  -,  is  highly  deleterious 
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when  respired,  and  extinguishes  flame.  .It  lias  an  acid  taste,  and 
strongly  reddens  yegetahle  blues.  It  instantly  carboniases  animal  and 
vegetable  subtances,  but  it  has  no  effect  upon  elass  ;  thus  exhibiting  a 
striking  dissimilarity  with  the  hydrofluoric  acid.  When  mixed  with 
oxygen  gas  it  is  not  decomposed,  but  it  powerfully  attracts  moisture; 
and  hence  when  bubbles  of  it  are  allowed  to  escape  into  the  air,  a 
dense  white  cloud  is  produced,  arising  from  the  combination  of  the 
borofluoric  acid  with  the  hygrometric  water  of  the  atmosphere. 

Silicon, 

This  is  a  peculiar  solid  body,  hitherto  undecomposed,  and  therefore 
considered  as  elementary,  which  in  the  state  of  combination  with 
oxygen  is  one  of  the  most  abundant  substances  in  nature.  Sir  H. 
Davy  appears  to  have  effected  the  decomposition  of  the  oxide,  or 
rather  acid  of  silicon  (siliceous  earth),  by  means  of  Galvanism ;  but 
he  was  unable  to  collect  the  product  of  the  operation  so  as  to  ascertain 
its  properties.  Berzelius  separated  the  silicon  from  its  acid  by  means 
of  iron,  and  his  experiments  were  repeated  by  Professor  Stromeyer ; 
and  the  former  at  length  succeeded  in  procuring  silicon  in  an  uncom- 
bined  state.  The  process  which  be  recommends  is  not  difficult,  and 
its  efficacy  depends  on  the  affinity  of  potassium  for  oxygen,  which  it 
attracts  when  the  double  fluate  of  silica  aod  potassa  is  heated  nearly  to 
a  red  heat  in  a  glass  tube  closed  at  one  end ;  fragments  of  potassium 
being  then  introduced  into  the  tube  and  made  to  mix  with  the  fused 
salt,  heat  is  again  applied,  and  a  feeble  detonation  ensues.  The  mass 
must  then  be  left  to  cool,  and  the  product  being  thrown  into  cold 
water,  hydrogen  is  disengaged  from  the  action  of  the  siliciuret  of  potas- 
sium, which  becomes  converted  into  hydruret  of  silicon  and  potassa. 
The  hydruret  thus  obtained  being  heated  in  a  platina  crucible,  the 
hydr<^en  will  be  driven  off,  and  the  silicon  will  remain,  in  the  form  of 
a  snuff-colojured  or  nut-brown  powder.  It  does  not  bum  either  in  air 
or  oxygen  gas ;  neither  is  it  fused  or  at  all  changed  by  exposure  to 
powerful  heat. 

Silicic  Acid, — Silicon,  though  thus  incombustible,  may  be  indirecdr 
united  with  oxygen  by  various  methods,  forming,  as  already  observed, 
the  body  known  as  siuceous  earth.  The  combination  may  be  effected 
by  mixing  .silicon  with  dry  carbonate  pf  potassa,  and  etxposing  it  to 
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ted  h«Bt,  yrbea  Ae  oxjgen  of  tlw  earbonie  aoid  will  unite  with  the 
silicon,  and  a  oombination  of  silicic  acid  and  potsssa  will  be  formed. 
If  fused  nitrate  of  potassa  be  used  mstead  of  tbe  carbonate,  no  effect 
wiU  take  place ;  tiiough  the  addition  of  a  little  drj  carbonate  of  potassa 
occasions  immediate  deflagration.  This  peculiar  phenomenon  is  owing 
to  the  influence  of  the  allnli,  which  having  a  strong  affinity  for  silica, 
diq>oses  the  silicon  to  combine  with  the  oxygen  of  the  carbonic  acid, 
in  which  the  union  between  carbon  and  oxygen  is  but  weak.    Nitric 
acid,  on  the  contrary,  being  a  yexy  strong  acid,  entirely  prevents  the 
alkali  of  the  nitrate  fix>m  acting  on  the  siUcon ;  unless  the  substances 
be  heated  to  whiteness,  and  then  the  nitric  acid  becoming  decom- 
posed, the  silicon  will  attract  its  oxygen,  and  rapid  combustion  will 
take  place.    When  silicon  is  heated  with  caustic  potassa  or  soda,  it 
burns  in  the  oxygen  of  the  water  which  they  contain,  forming  silica. 
This  substance  may  be  found  nearly  pure  in  colourless  rock  cr3rstel  or 
quartz ;  and  in  flint  the  earth  is  onhr  combined  with  a  little  iron.     In 
order  to  obtain  silica  in  a  state  of  absolute  purity,' rock  crystal  aaay  be 
reduced  to  powder  by  heating  it  red-hot,  and  throwing  it  into  wnter. 
fmd  then  bruising  it  in  a  mortar :  one  part  of  this  powder  is  to  be  Ibaed 
in  a  silver  crucible,  with  three  times  its  weight  of  potassa,  and  the 
mass  thus  formed  being  dissdred  in  water,  muriatic  acid  is  to  be 
drofiped  into  the  solution  so  long  as  any  precipitate  is  produced ;  the 
liquid  ii  then  to  be  poured  off,  and  the  precipitate,  whidi  is  acid  of 
siUcon,  must  be  repeatedly  washed  with  distilled  water,  and  tbea 
dried.  Silica  thus  obtained  is  a  white,  tasteless  powder,  feeling  bnrsh 
when  rubbed  between  the  fingers.    It  is  nesrly  insoluble  in  wmter, 
Si^d-  probably  in  all  acids,  except  the  hydrofluoric.     It  is  infusible 
slone  before  the  blowpipe,  unless  the  flame  be  fed  with  oxygen  gas, 
when  it  melts  with  difficulty  into  a  colourless  globule.    Though  ^wmter 
has  no  action  on  it  after  it  has  been  dried,  yet,  according  to  KIrwnn, 
when  first  precipitated  and  still  moist,  it  dissoWes  in  a  thousand  psurts 
of  distilled  water;  and  it  is  certain  that  nature  has  some  process  for 
the  sdlntion  of  this  substance,  since  it  is  found,  though  in  minute  pto^ 
portions,  in  the  water  of  some  hot  springs,  as  the  Geysers,  in  leeland. 
when  first  prepared  and  minutely  divided,  it  readily  dissolves  in 
solutions  of  potassa  or  Boda ;  but  ammonia  has  no  efiect  on  it.     Whee 
silica  is  fused  with  a  large  portion  of  potassa,  a  oompound  is  pro- 
duced readily  soluble  in  water,  forming  the  lipuir  ttiictimy  liquor  of 
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liAts,  of  old  writers.    Profeasor  Seigling,  of  Erfurdt,  harmg  prepared 
this  liquor  wifth  a  large  quantity  of  water  and  of  albdi,  he  auffsred  it 
to  stand  for  eight  years  in  a  glass  vessel,  covered  with  paper,  when 
eryatals  of  salts  of  potash  were  formed  at  the  bottom  of  thevessel,  and 
the  remaining  liquid,  about  two  ounces,  was  corered  by  a  transparent 
erust,  consisting  partly  of  carbonate  of  potash,  and  purtly  of  crystal- 
lised silica;  the  latter  so  hard  as  to  strike  fire  with  a  steel.    When 
•ilioa  is  fused  with  a  small  proportion  of  potash  or  soda,  without  water, 
the  product  is  that  useful  substance  glass.  In  the  manufacture  of  glass 
a  varietv  of  other  substances  are  occasionally  added  to  the  silica  and 
alkali,  u>r  various  purposes :  among  these  may  be  mentioned  black 
oxide  of  manganese,  which  renders  glass  colourMss,  and  improves  its 
transparency;  litluu^e  or  oxide  of  lead,  used  in  making  what  is  called 
flint  glass ;  lime,  which  is  added  to  the  ingredients  for  crown  or  the 
best  window  glass ;  and  boracic  acid  or  borax,  employed  in  making 
artificial  gems.    White  arsenic,  nitre,  brick  clay,  and  other  substances 
are  sometimes  added  to  improve  the  quality  of  glass ;  or  in  the  coarser 
kinds,  to  increase  the  quantity.    Sibca  was  long  classed  among  the 
earths,  from  which  it  differs  decidedly,  in  not  forming  salts  with  acids ; 
the  hydrofluoric  aoid,  as  already  observed,  being  tiie  only  one  with 
which  it  enters  into  combination.    Hence  it  appears  that  silica  cannot 
act  the  part  of  a  base  like  the  alkalies,  earths,  and  metallic  oxides. 
With  several  of  these,  however,  it  is  found  combined  in  various  mine- 
xala,  and  therefore  as  to  its  mode  of  action  it  has  an  obvious  analogy 
with  aoids,  and  some  chemists  have  given  it  the  name  of  silicic  add,  in- 
stead of  silicic  oxide :  and  to  tbe  compounds  formed  by  its  union  with 
several  earths  and  metallic  oxides,  tfaiey  have  applied  the  designation 
of  silicates ;  and  thus  glass  might  be  considered  ss  a  silicate  of  potassa 
or  soda. 

Among  the  combinations  of  silicon  with  the  elementary  substances, 
may  be  mentioned  those  that  it  forms  with  chlorine  and  with  fluorine. 
Wnen  silicon  is  heated  in  chlorine,  as  when  a  current  of  that  gas  is 
made  to  pass  over  red-hot  silicon  in  a  porcelain  tube,  a  fuming  liquid 
M  obtained  of  a  yellow  colour,  extremely  volatile  and  irritating,  which 
when  exposed  to  moisture  becomes  decomposed,  forming  muriatic 
•Old  and  silica.  This  is  the  Chbrids  of  Silicon,  When  potassium  is 
heated  in  the  vapour  of  this  chloride,  it  bums,  with  the  production 
of  riliduxvt  and  chloride  of  potassinm. 

If 
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.  Silieofitunie  Acid,  or  Fluoride  of  Silicon,  may  be  made  by  distilliiig' 
in  a  retort  three  parts  of  fluor  spar  and  two  of  powdered  silica,  with 
an  equal  weig^bt  of  eulpburic  acid,  when  a  gas  will  be  produced  which 
may  be  collected  over  mercury.  Water  must  be  carefully  excluded  in 
this  operation, therefore  the  apparatus  must  be  made  quite  dry.  Silioo- 
fluoric  acid  is  a  colourless  gas,  having  a  pungent  smell,  much  like 
that  of  muriatic  acid,  and  a  very  sour  taste.  It  is  more  than  3^  times 
the  weight  of  conmion  air.  It  extinguishes  the  flame  of  a  taper,  and 
forms  white  fumes  when  exposed  to  moisture,  being  readily  absorbed 
by  water ;  from  which,  however,  silica  is  precipitated,  hydrofluoric  acid 
being  produced.  If  the  beak  of  a  retort  from  which  this  gas  is  issuing 
be  plunged  beneath  water,  it  soon  becomes  choked  by  the  abundant 
deposition  of  hydrated  silica,  which  sometimes  forms  tubes  through 
the  water,  by  which  the  gas  passes  off  into  the  air. 

Silicon  likewise  unites  widi  sulphur,  and  with  several  of  the  metak, 
especially  platina  and  iron. 

Phosphorus, 

This  body  being  highly  inflammable,  and  consequently  kaviikg  a 
strong  affinity  for  oxygen,  seldom  occurs  naturally  except  in  oombiiift- 
tion  with  that  element,  constituting  phosphoric  acid  united  with  aome 
base,  in  the  state  of  a  salt.  It  is  uius  found  in  the  bones  of  animala, 
the  denser  parts  of  which  consist  principally  of  phosphate  of  lime,  or 
the  combination  of  lime  with  phosphoric  acid,  and  from  the  decompo- 
sition of  this  earthy  salt  phosphorus  is  procured.  The  usual  process 
is  to  digest  a  quantity  of  calcined  or  burnt  bones,  reduced  to  powder, 
in  half  their  weight  of  strong  sulphuric  acid.  The  phosphate  of  line 
is  thus  decomposed,  and  the  phosphoric  acid,  after  being  separated 
from  the  lime,  undergoes  a  further  decomposition  by  being  mixed  'with 
powdered  charcoal,  and  strongly  heated  in  an  earthen  retort,  when  the 
charcoal  will  combine  with  the  oxygen  of  the  acid,  and  the  phoaphoros 
passing  over,  may  be  received  in  a  vessel  of  water,  under  the  surface 
of  which  the  beak  of  the  retort  must  be  plunged.  The  process  is 
troublesome,  and  requires  much  attention  on  the  part  of  the  operator. 

Phosphorus  thus  obtained  is  a  flesh-coloured,  slightly-transparent 
solid,  nearly  the  consistence  of  wax ;  which,  on  account  of  its  inflAmms- 
bility ,  must  be  preserved  under  water.    If  heated  in  water,  it  melts  at 
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about  1 10^  Fahrenheit,  and  bojls  or  becomes  evaporated  at  550^.  When 
exposed  to  the  atmosphere  at  common  temperatures,  it  emits  a  light 
smoke,  and  a  peculiar  odour,  resembling  that  of  garlic,  giving  out  in 
the  dark  a  beautiful  pale-green  light.  In  this  case  it  undergoes  a 
slow  combustion.  It  is  soluble  in  essential  oils,  and  communicates  to 
them  the  property  of  shining  in  the  dark.  In  pure  nitrogen  gas  it  is 
not  luminous,  undergoing  no  alteration  at  any  temperature.  But  it 
appears  that  the  smsdiest  possible  quantity  of  oxygen  will  suffice  to 
produce  some  degree  of  combuntion  ;*  for  it  will  burn,  or  at  least  give 
out  light  in  the  exhausted  receiver  of  an  air-pump.  Phosphorus  may 
be  set  on  fire  by  friction  at  a  low  temperature,  and  at  about  100^  it 
takes  fire,  and  burns  with  intense  brilliancy,  throwing  off  abundance  of 
white  fumes. 

This  substance  combines  with  oxygen  in  different  proportions.  Oxide 
tf  Phosphorus  is  a  white  substance  with  which  phosphorus  becomes 
covered  when  kept  for  some  time  under  water.  It  is  very  inflammable, 
and  may  be  used  in  making  phosphoric  match-boxes.  For  this  pur- 
pose a  piece  of  phosphorus  must  be  introduced  into  a  small  phial, 
melted  slowly  by  applying  heat  externally,  and  stirred  about  with  a 
hot  iron  wire  till  the  inside  of  the  bottle  becomes  coated  with  the  semi- 
fluid oxide,  which  is  then  to  be  preserved  for  use,  by  closing  the 
bottle  with  a  cork.  When  a  light  is  wanted,  it  is  only  necessary  to 
dip  into  the  bottle  a  brimstone-match,  and  on  withdrawing  it  with  a 
small  portion  of  the  oxide  of  phosphorus  adhering  to  its  extremity,  the 
•alphur  will  become  inflamed,  and  the  match  may  be  used  for  lighting 
a  taper  or  any  other  purpose. 

*  It  appears  from  the  experiments  of  Dr.  John  Davy  and  others,  that 
"  when  oxygen  gas  is  rarefied,  phosphorus  shines  in  it ,  and  that  when  con- 
4eosed  it  ceases  to  shine.  With  an  augnnented  pressure  of  a  column  of  mer- 
cory  of  l6  inches,  when  heated  with  a  spirit-lamp  in  this  gas,  it  emitted  no 
Ug^ht  till  it  fased ;  then  it  hurst  into  flame  and  burnt  explosively,  and  the  oxv- 
gen  was  condensed  in  an  instant.  .  .  .  Compression  and  rarefaction,  in 
the  instance  of  common  air,  has  an  effect  analogous  to  that  mentioned  when 
speaking  of  oxygen.  .  .  .  When  phosphorus  is  placed  on  the  plate  of  an 
air-pump,  under  a  receiver,  and  the  air  exhausted,  the  brightness  of  its  Ufrl^t 
in  ttie  dark  rather  increases  with  the  exhaustion ;  and  in  the  nearly  perfect 
vaeoom  formed  by  a  good  pump,  its  light  was  not  diminished.  When  the  air 
has  been  suddenly  readmitted,  the  light  has  been  extinguished,  and  for  a  few 
seconds  it  has  ceased  to  thine,**— Observations  on  Phosphorus.  By  J.  Davy, 
M.D.,  F.R.8.,  In  Jameson's  Jonmal  of  Science. 
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There  is  some  uncertaixity  as  to  the  number  of  the  acid  combtna- 
tions  of  phosphorus  and  oxygen.  Three  maj  be  discriminated  as  con- 
taining different  proportions  of  their  constituent  elements.  These  are 
the  hjpophosphorous,  the  phosphorous,  and  the  phosphoric  acids.  The 
relative  quantities  of  phosphorus  and  oxygen  in  these  acids  are  thus 
stated  by  Mitscherlich : 

Phosphoric  Acid  =100  Phosphorus  +  127.450  Oxygen. 

Phosphorous  Acid  =  100  Phosphorus  +    76.470  Oxygen. 

Hypophosphorous  Acid  =  100  Phosphorus  -j-    25.490  Oxygen.* 

The  Fhotphoroui  Acid  is  a  white,  yolatile  substance,  which  may  be 
obtained  by  burning  phosphorus  in  a  tube,  with  a  relatively  small  por- 
tion of  air,  and  at  a  moderate  temperature ;  it  may  then  be  collectea  in 
the  state  of  a  white  powder,  which,  on  exposure  to  the  atmosphere,  de- 
composes the  water  suspended  in  it,  considerable  heat  is  given  out, 
and  it  combines  with  an  additional  portion  of  oxygen  to  constitute 
phosphoric  acid.  The  phosphorous  acid  speedily  dissolves  in  water, 
to  which  it  gives  a  sour  tas^e,  and  the  solution  reddens  vegetable 
blues.  With  various  salifiable  bases  this  acid  forms  certain  salts 
called  phosphites.  Both  the  phosphorous  and  the  phosphoric  acids 
combine  in  definite  proportions  widi  water,  forming  hydrated  acids. 

When  phosphorus  is  rapidlj  inflamed,  as  in  its  combustion  in  oxy- 
gen gas,  abundance  of  white  vapours  are  produced,  which  become 
condensed  into  deliquescent  flakes,  adhering  to  the  interior  of  the  re- 
ceiver, or  falling  to  the  bottom  like  snow :  this  substance  is  the  Phos'-. 
phoric  Acid,  This  acid  may  also  be  obtained  from  the  decomposition 
of  atmospheric  air  by  phosphorus.  Thus  if  a  piece  of  phosphorus  be 
placed  in  a  watch-glass,  upon  a  plate  of  glass,  and  covered  with  a  tall 
receiver,  on  setting  it  on  fire  with  a  red-hot  iron  it  will  at  first  bura 
rapidly,  and  then  more  slowly  till  the  oxygen  is  nearly  consomed* 
The  combustion,  however,  may  be  renewed  by  occasionally  lifting  ihb 
receiver  slightly,  so  as  to  introduce  fresh  supplies  of  air  irom  time  to 
time,  till  the  phosphorus  is  all  burnt,  and  thus  will  be  formed  a  quan- 
tity of  anhydrous  phosphoric  acid,  as  before,  in  the  fonn  of  flakea  of 

«  IntrodaetioB  to  Chemistry,  VOL  i.  p.  889* 
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•now*  This  substance  dissolves  in  water  with  a  hissing  noisOt  and 
the  evolution  of  much  heat ;  and  it  is  al«p  soluble  in  alcohol.  Fhos* 
phorio  acid  may  likewise  be  obtained  by  heating  small  fragments  of 
lihosphonis  in  nitric  acid.  Though  phosphoric  acid  wiU  unite  readily 
with  water,  on  heating  the  solution  the  greater  part  of  the  water  may 
be  driven  off,  and  if  the  residue  be  exposed  to  a  low  red  heat  it  melts, 
and  on  cooling  forms  a  kind  of  glass,  sometimes  called  glacial  phos- 
phoric acid.  The  solid  acid  attracts  water  from  the  air,  it  has  no 
smell,  but  an  intensely  sour  taste,  and  becomes  volatilized  witiiout  de- 
composition at  a  brigot  red  heat.  It  unites  with  salifiable  bases  to  pro- 
duce the  salts  called  phosphates,  one  of  which,  the  phosphate  of  soda, 
is  used  in  medicine ;  and  phosphate  of  lime,  or  the  combination  of  this 
acid  with  calcareous  earth,  constitutes  a  consid«rable  part  of  the  bones 
of  animals,  from  the  decomposition  of  which,  as  already  stated,  phos- 
phorus  is  usually  obtained. 

The  HypojphotpkoTout  Acid,  is  so  named  as  containing  a  smaller  pro- 
portion of  ozysen  than  the  phosphorous  acid.  The  salts  formed  by 
this  acid  are  ^readily  soluble,  and  highly  deliquescent  when  exposed 
to  the  air. 

The  phosphoric  acid  is  capable  of  undergoing  modifications,  which 
materiidly  influence  its  properties,  without  causing  any  alteration  of  the 
proportions  of  its  constituents.  "  If  liquid  phosphoric  acid  be  eva- 
porated, and  heated  to  such  a  temperature  as  may  be  judged  capable 
of  expelling  the  chief  part  of  the  water,  it  is  changed  into  pyrophos- 
phoric  acid :  and  the  same  change  takes  place  when  the  acid  exists  in  a> 
eah  combined  with  an  alkali.  Although  between  phosphoric  and  pjro- 
pbosphoric  acid  there  is  no  known  difference  of  composition,  the  pro- 
perties of  each  aree&sentially  different.  Pyrophosphoric  acid  produces, 
with  oxide  of  silyer,  a  white  salt;  phosphoric  acid,  a  yellow  one :  the 
former  is  a  less  energetic  acid,  it  has  less  saturating  power,  and  is 
even  separated  from  its  combinations  by  phosphoric  acid."* 

This  apparent  identity  of  composition  occurs  in  various  other  com- 
pounds, constituting  the  phenomenon  which  has  been  termed  Iso- 

*  ]>onovaB*s  Treatise  on  Chemistry,  in  Cabinet  Cyclopaedia,  p.  921.  See 
alto  Mitscherlich's  Introd.  to  Chem.,  vol.  1.  pp.  391—804  \  and  Johnston  on 
Chemistry,  in  Report  of  British  Association  for  1889,  pp.  457—400. 


120  CHBMISTRT. 

merUm  *  Another  instance  of  it  will  be  found  in  the  combinatioB  of 
phosphorus  with  hydrogen,,  in  the  existence  of  two  oxides  and  two 
chlorides  of  tin,  differing  in  properties,  but  having  the  same  atomic 
constitution,  in  some  other  combinations  of  oxygen  with  metals,  and 
in  some  of  the  acids  with  compound  radicals.  Among  the  nomecoos 
carburets  of  hydrogen,  cases  of  a  corresponding  mode  of  union  have 
been  noticed, ^giving  rise  to'what  is  termed  Polymerism  ;*  and  there  is 
another  kind  of  relation  between  the  combining  proportions  of  bodies 
expressed  by  the  term  Metamerism.*  These  phenomena  hare  so  much 
similitude,  tiiat  their  origin  may  with  probability  be  referred  to  a  com- 
mon cause ;  but  the  subject,  which  is  highly  interesting,  requires  fiirth^ 
investigation. 

Phosphorus  combines  with  chlorine  in  two  proportions.  Proto- 
chloride  of  Phosphanu  may  be  obtained  by  distilling  phosphorus  mixed 
with  corrosive  sublimate,  or  perchloride  of  mercury,  when  calomel,  or 
protochloride  of  mercury  wiU  be  formed  by  the  decomposition  of  the 
sublimate,  and  the  portion  of  its  chlorine  which  is  thus  set  free,  will 
immediately  combine  with  the  phosphorus.  Protochloride  of  phos- 
phorus when  first  obtained,  is  a  liquid  of  a  reddish  colour,  holding 
some  phosphorus  in  solution,  which  it  deposits  on  standing.  It  then 
becomes  transparent  and  colourless.     Its  specific  gravity  is  1.45.      It 

*  Isomerism  is  a  term  derived  fixHn  the  Greek 'Icoc*  equai,  and  MlpoCt 
apitrtj  Polymerism  from  IloXic*  tnanp,  and  Mlpo^ ;  and  Metamerism  ftom 
Mcrd,  according  to,  and  Mf pof.  The  following^  explanation  of  these  tenns 
is  g;iven  by  Mr.  Johnston :  **  Isomeric  bodies  are  those  which  contaia  the 
same  absolute  and  relative  number  of  atoms  of  the  same  elements,  and  have 
consequently  the  same  atomic  weight.  Polymeric  are  those  which  contain 
tlie  same  relative  but  not  the  same  absolute  number  of  atoms  of  the  same  ele- 
ments, and  whose  atomic  weights  are  consequently  unlike.  Metameric  aie 
those  which,  while  tbey  contain  the  same  absolute  and  the  same  rdative  nom- 
ber  of  atoms  of  the  same  elements,  yet  constitute  substances  belonging'  to  an 
entirely  different  class  of  bodies,  or  a  different  order  of  chemical  compounds.** 
^Reports  of  the  British  j48$ociation  for  1839,  pp.  435, 4S6. 

Isoonorphism  (from  the  GTeek'l<TOQ,  and  Mop^T^,jtgure  or  shape),  conre* 
■pondence  of  form  between  bodies  composed  of  different  elements,  refiera  to 
another  class  of  chemical  phenomena,  brought  to  light  through  Uie  recent 
searches  of  men  of  science.  It  occurs  in  crystalline  bodies,  and  will  be 
noticed  in  the  Treatise  on  Mineralogy. 
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has  a  Bnflfoeatiiig  smelly  and  gives  off  acid  fomes  whan  exposed  to  the 
air,  owing  to  its  absorbing  water,  which  it  readUy  decomposes,  the 
hydrogen  of  the  water  combining  with  chlorine  to  rorm  muriatic  acid, 
and  ^e  oxygen  with  the  phosphorus  to  form  phosphorous  aoid«  Its 
▼apour  is  combustible ;  and  when  in  a  dry  state,  it  does  not  afiect  the 
oolour  of  vegetable  blues. 

Perehloride  of  Phosphonu. — When  phosphorus  is  introduced  into 
chlorine  gas,  it  takes  fire  spontaneously,  burning  with  a  pale  flame,  and 
the  product  is  a  white  pulverulent  substance,  which  condenses  on  the 
■ides  of  the  vessel.  It  is  volatile  at  temperatures  under  212^,  but  if 
heated  under  pressure,  it  fuses  and  becomes  crystallized  on  cooling.  It 
acts  violently  on  water,  double  decomposition  talcing  place,  and  hydro- 
chloric or  muriatic  acid,  and  phosphoric  acid  being  produced. 

Phosphorus  very  readily  combines  with  iodine,  for  when  these  sub- 
stances are  mixed  in  an  exhausted  vessel,  great  heat  is  evolved  but  no 
light,  and  the  result  is  a  reddish  or  orange-coloured  compound,  the 
Iodide  of  PhotphoruSf  which  powerfully  decomposes  water.  Periodidt 
of  Photphorus  is  a  black  compound,  which  may  be  formed  by  heating 
together  its  constituent  parts,  and  like  the  preceding  it  decomposes 
water. 

According  to  M.  Balard,  phosphorus  combines  with  bromine  in  two 
proportions,  but  the  compounds  thus  formed  have  been  but  slightly 
examined. 

Phosphorus  combines  with  hydrogen  to. form  two  compounds.  The 
former  of  these,  called  Phogphuretted  Hydrogen,  may  be  readily  pro-* 
cored  by  heating  phosphorus  in  a  solution  or  caustic  potash. 


This  combination  may  be  formed  by  means  of  the  apparatus  repre- 
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atotad  in  the  preceding  figure.  Let  aboat  a  quarter  of  an  oonoe  of  phoa* 
phorua  be  introduced  into  the  amall  retort.  A,  which  ia  to  be  filled  up 
to  ita  neck  with  the  aolution  of  caustic  potaah,  and  the  lower  «id  of 
the  retort  ia  to  be  dipped  under  water  in  the  trough,  B ;  then,  on  heat- 
ing the  retort  gradually,  with  a  lamp,  gaa  will  be  generated,  which  will 
riae  firom  the  end  of  the  tube,  through  the  water,  in  bubUea,  and  theae 
on  coming  in  contact  with  the  air  will  inflame  with  a  alight  explonon. 
When  the  atmoaphere  is  atill,  each  bubble  aa  it  burata  produces  an 
eicpanding  ring  of  denae  rapour,  reaolting  firom  the  andden  fonnatioa 
of  phosphoric  acid  and  water.    Some  care  ia  neceaaary  in  the  conduct 
of  thia  experiment,  ao  aa  to  include  aa  amall  a  portion  of  air  aa  poa- 
aible  in  the  retort,  aince  the  firat  bubblea  of  phoaphuratted  hydrogen 
gaa  that  are  fonned  will,  aa  aoon  aa  they  come  in  contact  with  the  air 
m  the  retort,  take  fire,  and  the  retort  may  be  broken  by  the  pereuamon. 
Thia  gaa  may  alao  be' procured  by  dropping  amall  piecea  of  the  com- 
pound called  phoaphuret  of  lime,  into  muriatic  acid,  largely  diluted 
with  water,  and  the  gaa  rising  aa  befi>re,  will  take  fire  on  coming  in 
contact  with  the  air.    The  aame  compound  may  be  obtained  by  heatinff' 
in  doae  yeaaels  solid  hydrated  phosphoric  acid ;  and  the  gaa  prodacea 
by  thia  or  either  of  the  preceding  operations,  may  be  preaenred  bj 
anfiering  it  to  paas  into  an  inyerted  jar  filled  with  water,  when  it  will 
riae  to  the  top,  and  gradually  diaplace  that  liquid.    Phoaphuretfeed 
hydrogen  ia  a  colourleas  gaa,  with  a  nauseous  smell,  like  onions  or 
aaafoetida,  and  a  yery  bitter  taste.    It  loses  its  inflammable  propwty 
bj  being  kept  orer  water,  which  absorbs  about  two  per  cent,  of  tbe 
gaa,  and  thua  acquiree  ita  characteristic  taste  and  odour.    It  bams 
witfk  great  aplendour  in  oxygen  gaa,  in  chlorine  with  a  beautiful  pale 
blue  light,  and  it  also  bums  in  nitrous  oxide. 

The  gaa  which  baa  been  styled  Bihydrogtaret  of  Photpfcortu,  or 
hydrophosphoric  gaa,  may  be  obtained  by  heating  the  aolid  hydrated 
phoapboric  acid,  in  a  small  retort,  and  collecting  the  product  orer  mer> 
cury.  It  is  colourleaa,  and  reaemblea  the  preceding  compound  in 
taate  and  amell,  but  ia  leaa  disagreeable.  Though  it  doea  not  inflame 
apontaneoualy  in  atmospheric  air,  it  explodea  when  heated  to  900^, 
and  more  readily  when  heated  in  oxygen  gaa ;  it  alao  takea  fire  spoQ. 
taneoudy  in  chlorine.  Profeaaor  Henry  Roae  haa  aacertained  thst 
thia  and  the  preceding  are  iaomeric  bodies ;  so  that  thera  are  two  kinds 
of  phoaphuratted  hydrogen,  one  which  inflamea  apontaneooBlj  in 
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atnuMipherio  air,  and  another  which  is  relatiTely  non-inflammable,  bodk 
oonsisting  of  one  Tolume  of  phoaphonis  in  yapour,  and  three  Tolumea 
of  hydrogen  gaa,  condensed  to  the  bnlk  of  two  yolnmes. 

The  combination  of  phoaphoma  with  caibon  was  firat  effected  by 
M.  Proust.  Photphuret  rf  Carbon  may  be  obtained  from  phosphnret 
of  lime,  by  suffering  it  to  remain  in  water  till  it  gives  out  no  more 
gas ;  a  considerable  excess  of  muriatic  acid  is  then  to  be  added  to  the 
liquid,  and  after  agitating  it  a  lew  moments  it  must  be  thrown  on  a 
filter,  and  the  substance  which  remaina  on  it  is  to  be  washed  and  dried* 
It  seems  firom  this  process  that  carbon  is  contained  in  phosphnret  of 
lime,  as  usually  prepared,  and  it  is  also  procured  in  the  process  for 
making  phosphorus.  Phosphnret  of  carbon  is  a  soft  powder,  of  a  dull 
lemon  colour,  destitute  of  taste  or  smell,  which  when  exposed  to  air 
absorbs  water,  which  it  decomposes,  becoming  conrerted  into  phos- 
phorous acid.  Exposed  to  a  red  heat  it  bums,  and  gradually  gives  out 
Its  phosphorus,  the  charcoal  remaining  behind  in  the  form  of  a  black 
substance,  coated  with  i^osphorio  amd,  which  ]MreTents  its  complete 
combustion.  When  the  powdered  phosphnret  is  thrown  over  the  fire 
in  small  quantities,  it  forms  beautiful  scintillations. 

Sulphur, 

This  substance  is  well  known,  as  being  of  common  occur* 
rence,  and  employed  in  medicine  and  the  arts  for  a  yarietji 
of  purposes.  It  is  often  found  in  volcanic  districts,  among  tM 
matter  discharged  from  the  craters  of  burning  mountains,  and  in 
several  states  of  combination  it  forma  a  oonstitnent  of  numerous 
minerals.  Flowers  of  sulphur  and  roll  sulphur  differ  only  as  to  their 
state  of  aggregation.  The  latter  exhUnts  a  crystalline  structure,  espe* 
cially  if  melted,  and  suffered  to  cool  slowly.  Though  sulphur  may  be 
considered  as  an  insipid  snd  almost  inodorous  body,  it  exhales  a 
peculiar  smell  when  heated  or  exposed  to  friction.  Heat  and  ftictioa 
also  render  it  highly  electric,  and  like  aealingwax,  it  is  a  non-coi^ 
ductor  of  electricity.  When  raised  to  the  temperature  of  about  180^ 
Fahrenheit,  it  sublimes,  strongly  exhibiting  its  characteristic  odour ;  a| 
about  f  20®  it  becomes  ftised,  and  if  the  heat  is  increased  and  otmi 
tinued,  it  forms  a  viscid  semi-solid  mass,  which,  when  j^onred  into 
warm  water,  assumea  the  consistency  of  soft  was,  axbibitiiig  a  red 
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tint;  and  in  this  plastic  state,  it  is  used  for  taking  impressions  of 
eoins,  medals,  or  sculptured  gems,  as  it  becomes  quite  bard  on 
cooling.  Sublimed  sulphur  (flowers  of  snlpbar),  wben  examined  by 
a  microscope,  is  found  to  consist  of  minute  crystals. 

Sulphur  is  well  known  to  be  highlj  inflammable,  combining  with 
the  oxygen  of  atmospheric  air,  eyen  at  the  temperature  of  190** ; 
though  it  then  bums  but  slowly,  with  a  faint  blue  light;  but  at  300** 
its  combustion  goes  on  rapidly,  with  the  evolution  of  much  light  and 
beat.  In  oxygen  gas  it  burns  brightly,  producing  a  large  lilac-tinted 
flame.  It  combines  with  oxygen  in  four  different  proportions,  to  form 
definite  compounds,  all  of  which  are  acids,  whose  relative  composition 
will  appear  from  the  following  table : 

Sulphurio  Acid  =  100  Sulphur  -f  149.136  Oxygen. 

Hyposulphuric  Acid     =  100  Sulphur  +  124.280  Oxygen. 
Sulphurous  Acid  =  100  Sulphur  -f    99.4120  Oxygen. 

Hyposulphnrous  Acid  =  100  Sulphur  4*    49.710  Oxygen. 

Sulphurmu  Acid, — This  is  a  gaseous  compound,  which  may  be  ob- 
tained by  the  direct  union  of  its  constituents,  when  sulphur  is  burnt 
in  atmospheric  air  perfectly  free  from  moisture,  or  in  oxygen  gas.      It 
may  also  be  procux^d  by  boiling  two  parts  of  mercury  in  three  of  sol- 
phnric  acid ;  or  by  heating  together,  in  a  small  glass  retort,  equal  parts 
of  powdered  black  oxide  of  manganese  and  flowers  of  sulphur.     In 
the  former  of  these  processes,  the  mercury  partially  decomposes  the 
sulphuric  acid,  becoming  oxidated  by  uniting  with  a  portion  of  its 
oxygen,  and  sulphurous  acid  gas  is  thus  formed.    In  the  latter  esse. 
the  sulphur  attracts  from  the  metallic  peroxide  a  part  of  its  oxygen, 
and  the  gaseous  acid  is  produced  as  before.    It  must  be  collected  and 
iweserved  orer  mercury,  as  water  absorbs  more  than  thirty  times  its 
volume  of  this  gas.      It  communicates  to  water  the  odour  of  burning 
brimstone,  and  an  astringent  acid  taste.    At  first  the  solution  bleaches 
▼egetable  colours,  but  after  being  kept  some  time,  it  changes  bine 
colours  to  red.     The  gas  equally  effaces  colours,  and  it  is  therefore 
used  in  bleaching  silk,  cotton,  straw,  and  other  substances.     It  has 
likewise  the  property  of  checking  vinous  fermentation,  and  it  is  benoe 
occasionally  employed  in  the  processes  of  brewing  and  making  urines. 
This  gtt  is  not  inflammable,  extinguishing  burning  bodies  which  are 
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plunged  into  it ;  hence  when  the  soot  is  on  fire  in  a  foul  ehimneyt  if 
it  be  filled  with  the  fumes  of  salphurous  acid,  bj  heating  sulphur 
below  on  an  iron  plate,  the  fire  will  be  put  out,  as  the  soot  cannot  bum 
in  an  atmosphere  of  this  gas.  It  is  speedily  destructive  to  animals 
confined  in  it.  Sulphurous  acid  may  be  condensed  to  the  liquid  state, 
by  exposure  to  pressure  equal  to  the  weight  of  two  atmospheres,  at  the 
temperature  of  45^,  and  by  means  of  intense  cold,  independent  of 
pressure.  In  this  form  its  specific  gravity  has  been  estimated  at  1.45, 
and  it  boils  at  14^,  inducing  the  speedy  congelation  of  liquids  in  con* 
tact  with  it  by  its  rapid  evaporation. 

Sulphuric  Acid. — The  quantity  of  oxygen  contained  in  this  acid  is 
just  half  as  much  again  as  that  in  the  preceding  compound,  and  there- 
tore  sulphuric  acid  may  be  produced  by  combining  sulphurous  acid  with 
an  additional  portion  of  oxygen.  The  acid  gas  will  not  unite  with  oxygen 
when  simply  mixed  with  it,  without  the  intervention  of  some  other 
body ;  but  if  water  be  present  the  combination  may  be  efiected.  Thus 
when  oxygen  gas  is  inclosed  in  an  inverted  jar  over  an  aqueous  solu- 
tion of  sulphurous  acid,  the  oxygen  will  be  slowly  absorbed,  and  sul* 
phuric  acid  may  be  thus  obtained,  largely  diluted  with  water,  a 
considerable  portion  of  which  may  be  expelled  by  evaporation.  This 
acid  is  used  for  numerous  purposes,  and  is  therefore  manufactured  on 
an  extensive  scale,  the  process  generally  adopted  in  this  country  being 
founded  on  the  same  principle  with  that  just  described.  It  consists 
essentially  in  burning  a  mixture  of  about  eight  parts  of  sulphur  and 
one  of  nitre  (nitrate  of  potash),  in  a  close  chamber  lined  with  lead; 
and  containing  water.  Here  sulphurous  acid  is  first  formed  from  the 
combustion  of  the  sulphur,  and  the  partial  decomposition  of  the  nitrate 
of  potash  furnishes  ihe  additional  quantity  of  oxygen,  to  form  sul- 
phuric acid,  when  the  products  of  the  combustion  come  in  contact  widi 
the  water.  The  acid  thus  procured  is  afterwards  concentrated  by 
boiling,  and  purified  by  distillation.  Another  (method  of  obtaining 
this  acid  is  nrom  the  decomposition  of  sulphate  of  iron,  or  the  com- 
pound of  sulphuric  acid  and  oxide  of  iron,  when  distilled -from  earthen 
.  retorts  in  a  reverberatory  furnace.  The  salt  used  in  this  operation 
being  called  green  vitriol,  or  martial  vitriol,  the  acid  which  it  pro- 
duced received  the  name  of  oil  of  vitriol,  with  reference  to  its  con- 
sistence and  general  appearance.  This  acid  emits  whitish  or  gray 
vapours  when  exposed  to  the  air,  and  if  it  be  distilled  with  a  gentle 


126  CHEMISTRY. 

lieat,  and  the  recdTer  kept  cool  with  euom  or  pounded  ioe,  t  tnni- 
perent  colourless  Tspour  wUl  pass  over,  and  became  condensed  into  a 
erystalline  solid,  resembling  fibres  of  asbestos,  which  is  the  pure  acid. 
The  anhydrous  acid,  thus  prepared,  is  so  extremely  volatile,  that  it  lisea 
in  fumes  at  a  low  temperature,  and  greedily  attracts  moisture  from  the 
air.  Liquid  sulphuric  acid  consists  of  81.65  parts  by  weight  of  the 
pure  or  anhydrous  acid,  and  18.37  of  water.  It  then  forms  the  <aij 
fluid  already  described,  which  has  the  specific  gravity  of  1.85,  which 
hoils  at  600^,  and  fiDeezes  at  15®,  undergoing  in  the  sc^d  state  a  con- 
siderable amount  of  contraction.  It  readily  absorbs  moisture  from  the 
air,  whence  its  application  in  many  processes  for  the  purpose  of  obtain- 
ing gases  free  from  aqueous  vapour.  When  mingled  with  a  moderate 
quantity  of  water,  it  produces  a  hig^  degree  of  heat.  The  con- 
centrated add  acts  as  a  caustic  when  applied  to  the  skin,  and  it 
blackens  and  corrodes  both  animal  and  vegetable  substances.  Accord- 
ing to  Dr.  Ure,  the  solid  or  anhydrous  sulphuric  acid,  if  dropped  on 
paper,  will  bum  holes  in  it  as  readily  as  a  red-hot  iron,  and  when 
dropped  into  water  it  hisses  as  if  a  red-hot  coal  had  been  thrown  into 
it :  at  the  temperature  of  64®  it  dissolves  into  a  thin  liquid. 

Hypontlphurous  Acid  may  be  fonned  by  digesting  filings  of  iron  in 
water  impregnated  with  sulphurous  acid  gas,  which  is  partially  decom- 
posed, foimmg  oxygen  and  hyposulphurous  acid ;  the  oxygen  oom« 
raies  with  the  metal  to  form  oxide  of  iron,  which  unites  witn  the  eeid, 
and  the  result  is  the  salt  called  hyposulphite  of  iron,  remainiiig  in 
folution  in  the  water.    Vanous  compounds  of  this  acid  with  besae 
may  be  obtained  by  other  processes ;  but  it  seems  questionable  whether 
it  can  be  procured  in  an  uncombined  state.     Dr.  Thomson  anncmiieed 
the  production  of  an  acid  of  sulphur  containing  a  larger  proportion  of 
oxygen  than  the  preceding,  but  less  than  any  .of  the  othezB  (ita 
combining  quantity  of  oxygen  being  a   mean    oetween  the  hypo* 
sulphurous  and  the  sulphurous  acids),  to  which  he  gave  the  appeUetioo 
of  Subaolphurous  Acid.    But  from  an  anidysis  of  hjrpoanlphite  of 
barytea,  and  other  experiments  of  Professor  Kose,  it  appears  that  diia 
acid  consists  of  the  same  constituents  as  the  hyposulphurous,  end  In 
the  same  proportions,  but  each  atom  contains  double  the  number  of 
atoms  of  sulphur  and  of  oxygen.     It  is,  Uierofore,  an  example  of  a 
polymeric  compound. 

Hypomlphurie  ilctd.— When  sulphurous  acid  gas  is  passed  tfaroii|^ 
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wcter  in  which  the  powder  of  black  oxide  of  mangaiiese  is  kept  sus- 
pended by  agitation,  the  metallic  oxide  becomes  partly  decomposed,  and 
the  oxygen  which  ii  giyes  out  combines  with  the  salphciroas  acid  in  .two 
proportionB,  forming  sulphuric  and  hyposulphuric  acid.  Both  these 
acids  will  unite  with  the  oxide  of  manganese,  and  to  obtain  the  hypo* 
sulphuric  separate,  solution  of  barytes  must  be  added,  which  will  de- 
compose the  metallic  salts,  forming  a  soluble  hyposulphate,  while  the 
other  ingredients  wiU  be  precipitated.  The  hypoisulphate  of  barytes  is 
then  to  be  decomposed  by  means  of  salphuric  acid,  and  the  hynosul* 
phuric  acid  thus  obtained  may  be  concentrated  by  placine  it  unoer  the 
exhausted  receiyer  of  an  air-pump,  with  sulphuric  acid.  The  acid 
which  may  thus  be  raised  to  the  specific  grayit^  of  1.347,  is  an 
inodorous  liquid  which  reddens  litmus  paper*  It  ronns  soluble  salts 
not  only  with  barytes,  but  likewise  with  lime,  strontia,  and  protoxide 
of  lead ;  thus  essentially  difierlng  from  the  sidphuric  acid. 

Sulphur  does  not  apparently  combine  with  nitrogen,  but  with 
hydrogen  it  forms  two  compounds,  both  which,  like  acids,  unite  with 
the  aUmline  and  other  bases  to  form  a  kind  of  salts.  That  which  con* 
tains  the  smaller  proportion  of  sulphur,  has  been  called  SulphuntUd 
Hydrogen,  and  souietimes  Hydrontlphwrie,  or  HydroUiionie*  Aoid,  It 
may  be  formed  indirectly  by  pouring  sulphuric  acid,  diluted,  on  oombiM 
nations  of  irxm  or  other  metals  with  sulphur.  It  is  a  colourless  trans- 
parent gas,  readily  idisorbed  by  water,  and  has  a  yery  offensiye  bbmU, 
similar  to  that  observable  in  putrid  eggs,  or  in  the  washings  of  a  fool 
gon-barrel ;  the  peculiar  odour  in  these  and  other  cases  of  its  ooeuiw 
T8nce»  depending  on  the  presence  of  this  gas.  Hydrosulphnric  add 
appears  to  be  composed  of  100  parts  by  weight  of  sulphur,  and  6.184 
of  hydrogen.  It  reddens  litmus  paper,  and  combines  with  many  of 
the  salifiable  bases,  forming  a  class  of  salts  called  hydrosulphsles, 
which  are  decomposed  by  all  the  oxygen  acids  except  the  carbonic. 

Hjrdrosulphuric  acid  gas  is  inflammable,  burning  when  mixed  with 
common  air  or  oxygen,  but  it  extinguishes  other  burning  bodies  im- 
mersed in  it.  It  tarnishes  quicksilver,  gold,  and  mercury,  and 
blackens  white  oxide  of  lead  (ceruse),  or  that  of  bismuth.  It  is 
biffhly  noxious  to  animal  life  when  respired,  and  it  has  been  said  thai 
n  oofie  has  been  known  to  perish  in  air  containing  only  J^  part  of  this 

*  ftom  the  Chredi"Y^ii»fB}  water,  and  Btlov,suiphur, 
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gat.  It  is,  bowever,  sometiiiies  employed  medicinally,  when  largely 
combined  with  water,  being  used  in  this  state  for  bathing,  and  tSkaa 
internally.  The  mineral  springs  of  Harrowgate,  Knaresborough,  and 
others,  deriye  their  sensible  qu^ities  from  the  hydrosalphuric  gas  with 
which  they  are  impregnated. 

Bitulphuret  of  Hydrogen*  or  Super-sulphuretted  Hydrogen,  called 
also  Hydrotulphurout  Acid,  is  a  compound  containing  a  larger  portion 
of  sulphur  than  the  former.  It  is  a  yellow,  oily  liquid,  heavier  than 
water,  greatly  resembling  in  its  smell  and  taste  the  solution  of  sul- 
phuretted hydrogen. 

Sulphur  unites  with  chlorine  to  form  a  volatile  liquid,  which  exhi- 
bits a  red  colour  when  viewed  by  reflected  light,  and  a  greenish- 
3reUow  tint  by  transmitted  light.    This  compound  called  Chloride  ef 
Sulphur  may  be  formed  by  passing  a  current  of  chlorine  through 
flowers  of  sulphur,  or  by  heating  the  latter  in  dry  chlorine  gas.    It  kas 
a  strong  peculiar  smell,  and  a  hot  acid  taste ;  but  it  does  not  afiect 
vegetable  blue  colours  without  water  be  present,  which  decompoeee 
it.    It  is  also  decomposed  by  many  other  substances ;  but  it  readily 
dissolves  sulphur  and  phosphorus,  and  holds  them  in  solution.    It  df»- 
composes  ammonia,  and  likewise  alcohol  and  ether,  and  is  decomposed 
by  mercury,  heat  being  given  out,  sulphur  deposited,  and  chloride  of 
merouiy  formed. 

Sulphur  combines  with  iodine  when  they  are  exposed  together  to  a 
gentle  heat,  and  the  product  is  a  black  crystallizable  substance  named 
Iodide  of  Sulphur,  It  becomes  decomposed  by  a  degree  of  heat  not 
much  beyond  that  required  for  its  formation,  the. iodine  in  this  case 
being  driven  off  in  the  form  of  vapour. 

Bromide  of  Sulphur  IB  produced  when  bromine  and  sulphur  are  di- 
gested together.  This  compound  is  a  red  liquid,  fuming  when  ex- 
posed to  air,  which  scarcely  acts  on  paper  tinged  with  litmus,  unless 
moisture  be  present,  when  it  changes  the  blue  colour  to  red.  It  acts 
violently  on  water  at  the  boiling  point,  sulphuretted  hydrogen  being 
given  out,  and  hydrobromic  and  sulphuric  acids  formed. 

Sulphuret  of  Carbon  may  be  obtained  by  passing  the  vapour  of  sul- 
phur through  a  porcelain  tube,  containing  small  pieces  of  charcoal, 
quite  free  from  moisture,  and  made  red>hot,  placing  the  tube  some* 
what  inclined  across  a  chafing-dish,  or  by  distvlling  about  six  parts  of 
yellow  iron  pyrites  (bisulpburet  of  iron)  with  one  of  charcoal ;  and 
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the  product  in  either  case  may  be  suffered  to  fall  frrai  the  lovv'er  ^ad 
of  the  tube  into  ajar  of  water,  the  tube  dipping  beneath  its  surface^ 
The  sulphuret  of  carbon  passing  over  in  a  state  of  vapour,  will  be  con* 
denaed  by  the  water  to  a  liquid,  which  may  be  purified  bj  redistilla^ 
tion,  at  a  low  temperature,  over  chloride  of  calcium  (muriate  of  lime)h 
The  compound  thus  obtained  is  a  colourless,  transparent  fluid,  with  a 
pungent  and  somewhat  aromatic  taste,  but  a  most  nauseous  and  fetid 
smeU.  It  is  highly  volatile,  boils  at  a  temperature  of  about  106^,  and 
has  never  yet  been  congealed  by  artificial  cold.  Its  specific  gravity  < 
is  1.^72.  From  its  extreme  volatility  it  has  been  employed  with  ad- 
vantage to  produce  a  very  low  temperature  by  evaporation.  If  the 
bulb  of  a  thermometer  be  covered  with  lint  wetted  with  this  liquid, 
the  mercury  will  sink  rapidly  from  60^  to  zero  of  Fahrenheit ;  and 
under  the  exhausted  receiver  of  an  air-pump,  the  temperature  may  be 
reduced  even  to  80**  below  zero,  so  that  mercury  may  by  this  means  be 
readily  congealed.  Sulphuret  of  carbon  is  not  soluble  in  water,  but 
mixes  with  alcohol  and  ether,  and  also  with  oils ',  and  it  dissolves  sul- 
phur, phosphorus,  and  camphor.  It  is  inflammable,  taking  fire  in  the 
air  at  a  low  temperature,  and  burning  with  a  blue  flame ;  and  its  com- 
bustion in  oxygen  gas  produces  sulphurous  and  carbonic  acids. 

Sulphuret  of  Phospk&rus. — Sulphur  unites  with  phosphorus,  when  it 
is  added  in  small  quantities  to  phosphorus  melted  in  water  at  a  tem- 
perature  of  about  150^.  It  may  be  also  formed  by  fusing  together 
those  inflammable  bodies  in  an  exhausted  vessel.  The  compound  is  a 
reddish-brown  crystaUizable  substance,  which  becomes  fluid  at  about 
40^.  It  does  not  readily  decompose  water,  but  it  is  more  inflammable 
than  phosphorus,  and  may  be  used  like  the  oxide  of  phosphorus,  for 
lighting  matches. 

Selemnm, 

This  is  a  rare  and  singular  substance,  discovered  within  the  last 
twenty  years,  by  Professor  Berzelius,  while  examining  sulphuric  acid, 
manuMCtured  from  pyrites  (sulphuret  of  iron),  procured  at  Fahlun,  in 
Sweden.  Selenium,  like  sulphur,  is  capable  of  subsisting  under  the 
solid,  liquid,  or  gaseous  fi)rm ;  being  a  solid  at  common  temperatureB, 
and  at  the  heat  of  above  100^  becoming  liquid.  It  was  observed,  that 
the  aulphurip  acid  obtained  from  the  pyrites  of  FahloB,  depoeited  a 
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reddish  mtter,  wbich  in  burning  gare  out  a  particular  smell,  and 
which  consisted  principally  of  sulphur,  haying  howerer  mixed  with  it 
a  rmy  minute  quantity  of  selenium.  This  substance  has  been  since 
found  in  scTeral  of  the  metallic  ores  from  the  Hartz  mines,  and  among 
some  of  the  volcanic  products  of  the  Lipari  Islands ;  and  in  England^ 
in  the  pyrites  of  the  isle  of  Anglesey* 

The  processes  for  obtaining  it  in  a  pure  state  are  operose  and  diffi- 
cult, when  it  is  necessary  to  separate  it  from  the  substances  with  which 
it  is  naturally  found  in  combination  ;  but  it  may  be  most  readily  pro- 
cured by  decomposing  one  of  its  compounds  with  oxygen  (sdeoic 
acid).    Selenium  in  the  state  of  powder  has  a  deep  red  colour. 
Its  particles  when  compressed  unite;  and  when  warm  it  is  yery 
ductile,  and  maybe  drawn  out  into  fine  threads,  the  colour  of  which  is 
red  if  riewed  by  transmitted,  and  ^y  by  reflected  light.    It  boils  at 
n  temperature  of  about  600®,  aud  is  conrerted  into  a  yellow  Tupoor, 
fonning  when  condensed  dark  drops,  which  run  together  like  qnick- 
silTcr ;  and  when  heated  in  large  yessels,  or  in  the  open  air,  it  forms  a 
sublimate  like  flowers  of  sulphur,  but  of  a  red  colour.    When  heated 
in  the  flame  of  a  candle  by  a  stream  of  air  from  a  blowpipe,  it  yields  a 
peculiar  strong  smell,  resembling  that  of  horseradish.  It  presents  soma 
analogies  with  sulphur,  but  is  about  double  the  specific  erarity  of  that 
substance,  and  is  a  non-electric,  whence  some  chemists  hare  been  dis- 
posed to  reckon  it  among  the  metals.    It  diflers  from  bodies  of  that 
Kind,  bowerer,  in  being  a  non-conductor  of  electricity,  and  a  very 
imperfect  conductor  of  heat. 

With  oxygen  selenium  forms  at  least  two  compounds,  one  called 
Selenious  Acid  and  the  other  Selenic  Add. 

SeUmoiu  Add. — When  a  current  of  oxy^n  ^9»  is  passed  over  sel^ 
nium  heated  to  its  boiling-point,  it  bums  with  a  pale  blue-ereen  flame, 
and  this  acid  sublimes,  and  may  be  condensed  if  received  in  m  ooM 
vessel,  forming  long,  brilliant,  prismatic  crystals.  It  has  a  hot,  soar 
taste,  and  a  sharp  odour.  It  dissolves  in  wann  water,  and  slao  is 
alcohol.  It  forms  precipitates  in  the  solutions  of  silrer  and  of  lesd, 
and  combines  in  various  proportions  with  several  salifiable  bttses. 

SeUnie  Aeid  may  be  obtained  by  dissolving  one  part  of  setemmn  is 
three  or  four  parts  of  pure  nitric  acid,  and  the  mixture  beiiu^  booled. 
the  selenium  will  decompose  the  nitric  acid,  and  a  solution  of-seleaic 
aoid  will  be  formed,  which  mi^  be  evaporated  to  diyness  ia  m  porae- 
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lain  capBole ;  or  if  the  solation  be  odIj  concentrated,  the  acid  will 
ci^Btallize  in  hezaednd  prisms.  Selenic  acid  has  no  smell,  bat  a  strong 
sour  taste.  It  powerfully  attracts  water,  and  gives  out  much  heat 
when  mixed  with  it.  It  reddens  yegetable  blues,  and  when  exposed 
to  heat  it  becomes  volatilized  without  decomposition.  When  it  is 
boiled  with  muriatic  acid,  selenious  acid  and  chlorine  are  evolved) 
and  the  selenio-muriatic  acid  which  is  formed  dissolves  gold  in  the 
same  manner  with  the  nitro-muriatic.  'Zinc  and  iron  are  dissolved  by 
this  acid,  while  hydrogen  is  given  off;  and  copper  dissolves  with  the 
production  of  selenious  acid.  It  likewise  dissolves  gold,  but  not  pla- 
tina.  The  affinity  of  selenic  acid  for  the  salifiable  bases  appears  to  be 
little  inferior  to  that  of  sulphuric  acid ;  but  the  compounds  it  forms 
with  them  require  further  examination. 

Selenium  forms  two  compounds  with  chlorine.  Protoehloride  nf 
Selenium^  which  may  be  obtained  by  passing  chlorine  gas  over  sele- 
nium, is  a  brown  liquid,  heavier  than  water ;  and  when  exposed  to 
the  action  of  water,  decomposition  takes  place,  and  muriatic  and  sele- 
nious acids  are  formed.  The  protoehloride  may  be  changed  by  the 
addition  of  chlorine  into  perchloride,  which  is  a  white,  solid,  crystal, 
licable  substance,  forming  with  water  a  colourless  sour  solution. 

Selenium  likewise  combines  with  hydrogen,  forming  a  gaseous  com- 
pound termed  Hydrotetenic  Acid,  or  Seleniuretted  Hydrogen,  It  may  be 
moat  readily  obtained  by  dissolving  seleniuret  of  iron  in  muriatic  acid. 
This  compound  dissolves  in  water,  and  the  solution,  which  gradually 
acquires  a  reddish  tint,  has  somewhat  the  smell  and  taste  of  sulphu- 
retted hydrogen :  it  reddens  litmus  paper,  and  communicates  a  brown 
tint  to  the  skin.    Hydroselenic  acid  is  readily  decomposed  by  the 
cxmibined  action  of  air  and  water ;  and  it  is  therefore  absorbed  by 
moist  substances,  to  which  it  gives  a  red  colour.    A  thin  mass  of 
cfloatchouc  may  thus  be  stained  red  throughout  its  substance.    This 
gas  acts  most  injuriously  on  the  mucous  membranes ;  and  therefore  the 
eyes,  nose,  and  trachea,  should  be  carefully  guarded  against  its  recep- 
tion, while  making  experiments  on  it,  as  its  operation  is  not  only  pain- 
fallj  stimulating,  but  might  also  be  productive  of  serious  mischief. 
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METALLIC   ELEMENTS. 


The  metals  form  in  some  respects  a  heterogeneous  collection  of  sub- 
stances :  among  them  are  to  be  found  the  heaviest  bodies  with  which 
we  are  acquainted,  gold  and  platina ;  while,  on  the  contrary,  potaasiom 
and  sodium  are  inferior  in  specific  gravity  to  water }  gold,  silver,  pla* 
tina,  and  palladium,  are  in  the  highest  degree  malleable  and  ductile ; 
but  antimony,  cobalt,  manganese,  and  arsenic,  with  some  others  are 
so  brittle  that  they  may  be  reduced  to  powder  by  percussion.    The 
metals  also  differ  greatly  one  from  another  in  hardness,  colour,  and 
capacity  for  yielding  sound ;  and  though  they  are  all  conductors  of 
heat  and  electricity,  they  vary  as  to  their  relative  power  of  conduction. 
Mercury,  as  is  well  known,  is  at  the  common  temperature  of  the  atmo* 
sphere  a  liquid,  and  it  requires  a  degree  of  cold  far  below  that  of 
freezing  water  to  reduce  it  to  the  solid  state :  platina  has  the  opposite 
property  of  remaining  solid  when  exposed  to  the  utmost  heat  of  » 
smelting  furnace,  though  it  may  be  fused  by  the  flame  of  an  oxy-hydio- 
gen  blowpipe,  or  by  means  of  a  Voltaic  battery.    Other  metals  display 
intermeduite  degrees  of  fusibility ;  thus  potassium  and  sodium  melt  at 
temperatures  below  that  of  boiling  water,  tin  becomes  fused  at  442^ 
Fahrenheit,  bismuth  at  497*^,  and  lead  at  612° ;  and  an  alloy  composed 
of  these  three  metals  in  certain  proportions  dissolves  at  about  the 
boiling-point  of  water.     It  appears  probable  that  silver  melts  at  1873^. 
gold  at  2016°,  cast  iron  at  2786°,  and,  according  to  MM.  Clement  and 
Desormes,  soft  or  pure  iron  at  3945° ;  but  these  last  estimates  are 
rendered  somewhat  questionable  by  the  difficulty  of  measuring  the 
temperature  of  intensely-heated  bodies. 

As  to  their  decidedly  chemical  properties,  the  metals  exhibit  much 
diversity.  All  of  them  are  capable  of  entering  into  combination  witk 
oxygen,  chlorine,  and  sulphur ;  but  in  their  respective  modes  of  acUoa. 
and  the  results  of  their  several  affinities  for  those  bodies,  they  manifest 
as  much  contrariety  as  with  regard  to  their  physical  properties. 

Some  metals  have  so  strong  an  attraction  for  oxygen  that  they  d^ 
compose  water  at  all  temperatures,  and  become  oxidated  by  meie 
exposure  to  atmospheric  air,  as  is  the  case  with  potassium,  sodium^ 
and  calcium ;  others  decompose  water  but  slowly  except  at  a  red  best, 
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9M  miiig^nese,  Bine,  and  iron.  There  are  seyeral  others,  including 
arsenic,  hismath,  copper,  and  cobalt,  wliich  are  incapable  of  decom* 
posing  water  at  any  temperature,  but  thej  absorb  oxygen  from  the  air 
when  strongly  heated.  Mercury,  lead,  nickel,  and  osmium,  do  not  de- 
compose water,  but  become  oxidated  at  certain  temperatures;  and 
when  their  oxides  are  more  intensely  heated,  they  are  partially  or 
wholly  reduced  to  the  metallic  state.  And  there  is  yet  another  class  of 
metals,  which  neither  abstract  oxygen  from  air  or  water  at  any  tem- 
perature, as  platina,  gold,  silver,  and  palladium ;  and  which,  when  their 
oxidation  has  been  effected  indirectly  by  means  of  certain  acids,  are 
reduced  to  the  metallic  state  at  a  heat  below  redness. 

The  indications  thus  furnished  by  the  relative  action  of  oxygen  on 
the  vaiions  metals,  have  been  employed  by  M.  Thenard,  in  the  forma- 
tion of  a  classical  arrangement  of  those  bodies,  which  has  been  adopted 
by  some  other  writers ;  but  it  is  liable  to  objections,  and  the  discoveries 
that  have  been  made  since  it  was  proposed  would  furnish  ground  for 
several  modifications  aud  additions.  The  method  of  classification  pro- 
posed by  Professor  Berzelius,  drawn  from  the  electro- negative  and 
electro-positive  properties  of  the  metals  respectively,  when  it  becomes 
completely  developed,  will  present  the  greatest  advantages  ;  and  it  has 
already  been  applied  to  the  arrangement  of  native  mineral  compounds 
with  great  success,  contributing  much  to  the  elucidation  of  their 
nature,  and  their  relations  to  various  other  bodies.  Connected  with 
this  distinction  of  the  metals  into  those  which  are  electro-negative  and 
those  which  are  electro-positive,  is  that  which  may  be  deduced  from 
the  character  of  Uieir  compounds.  The  electro-negative  metallic 
bodies,  arsenic,  tellurium,  vanadium,  and  others,  when  united  with  a 
relatively  large  proportion  of  oxygen,  constitute  bodies  which  display 
the  general  properties  of  acids,  rorming  sur-compounds  (salts)  witn 
metallic  oxides.  Am<mg  the  electro-positive  metals  are  ^ose  whose 
combinations  with  oxygen  most  decidedly  act  the  part  of  bases  in  the 
formation  of  salts.  Hence  all  the  metals  now  known  may  be  distri- 
buted in  three  classes:  1.  lliose  which  form  adds  with  oxygen, 
namely,  arsenic,  antimony,  columMum,  titanium,  chrome,  molybde- 
num, tellurium,  tungsten,  vanadium,  uranium,  manganese,  cobalt,  and 
tin.  3.  The  metalhc  bases  of  the  alkalies  and  earths,  potassium, 
sodium,  lithium,  baryum,  calcium,  strontium,  magnesium,  aluminum, 
zirconiumi  glncinumy  yttrium  or  ittrium,  and  thorium.     3.  Those 
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metals  whose  combinationB  with  ozjgen  are  not  regarded  as  acids» 
alkalies,  or  earths,  namely,  iron,  nickel,  zinc,  cadmium,  cerium,  lead, 
copper,  bismuth,  mercury,  silver,  gold,  platina,  palladium,  rhodium, 
iridium,  and  osmium. 

This  is  to  be  considered  as  only  a  provisional  arrangement,  admits 
ting  of  alteration  to  suit  it  to  the  fiiture  progress  of  discovery.  Some 
of  ue  metals  of  the  third  class  perhaps  ought  even  now  to  be  trans^ 
ferred  to  the  first,  as  gold,  the  peroxide  of  which  is  capable  of  combi- 
nation with  bar3rtes,  and  has  therefore  by  some  been  styled  auric  add. 
The  distinction  between  some  of  the  metals  of  the  second  and  third' 
classes  also  is  but  inconsiderable.  The  characters  of  the  bodies  in  ih» 
first  and  second  classes  are  sufficiently  contrasted ;  and  it  is  not  im- 
probable that  those  of  the  third  class  may  be  ultimately  found  to  be 
referable  to  one  or  other  of  the  former  classes. 


Binary  Combinatioru  of  the  MetaUie  Elements  of  the  First  Clan 
Oxygen,  Sulphur,  and  tome  other  Non^tnetalUe  EUmenU* 

Arsenic. 

Arsenious  Acid,  3  Ars.  5  Ox. 

Arsenic  Acid,  2  Ars.  5  Ox. 

Arseniuretted  Hydrogen. 

Red  Sulphuret  of  A.  (Realgar),  2  Ars.  f  S. 

Yellow  Sulphuret  of  A.  (Orpiment),  2  Ars.  3  S. 

Persulphuret  of  A.,  2  Ars.  5  S. 

Chloride  of  A.,  2  Ars.  3  Ch. 

Perchloride  of  A.y  2  Ars.  5  Ch. 

Antimony. 

Oxide  of  A.,  2  Ant.  3  Ox. 
Antimonious  Acid,  2  Ant.  4  Ox. 
Antimonic  Acid,  2  Ant.  5  Ox. 
Subsulphuret  of  A.,  2  Ant.  3  S. 
Sulphuret  of  A.,  2  Ant  4  S. 
Persulphuret  of  A.,  2  Ant  5  S. 
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Antimony  eontimted,  . 

SabcUoride  of  A.,  9  Ant.  3  Ch. 
Chloride  of  A.,  2  Ant.  4  Ch. 
Perchloride  of  A.,  2  Ant.  5  Ch. 

Columbiiim. 

Oxide  of  C.,1  Col.  3  Ox. 
Cdlumbic  Acid,  1  Col.  3  Ox. 
Sulphuret  of  C,  1  Col.  3  S. 
Chloride  of  C,  1  Col.  3  Ch. 

Titaniam. 

Oxide  of  T. 

Titanio  Acid,  1  Tit  2  Ox. 
Sulphuret  of  T.,  1  Tit.  2  S. 
Chloride  of  T.,1  Tit.  2  Ch, 

Chrome. 

Oxide  of  C,  2  Chr.  3  Ox. 
Deutoxide  of  C,  1  Chr.  2  Ox. 
Chromic  Acid,  i  Chr.  3  Ox. 
Sulphuret  of  C. 

Molybdenum. 

OiideofM.,  iMol.l  Ox. 
Peroxide  of  M.,  1  Mol.  2  Ox« 
Molybdic  Acid,  1  Mol.  3  Ox. 
Sulphuret  of  M. 
Chloride  of  M.,  1  Mol.  1  Ch. 
Bichloride  of  M.,  1  Mol.  2  Ch. 
Perchloride  of  M.«  1  Mol.  3  Ch« 

Tellurium. 

Tellurous  Acid,  1  Tel.  2  Ox. 
Telluric  Acid,  1  Tel.  3  Ox. 
Telluret  of  Hydro^^n,  1  Tel.  1  H. 
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TeWxaium  continued. 

Snlphuret  of  T.,  1  Tel.  2  S. 
Pergnlphuret  of  T.,  1  Tel.  3  S. 
Chloride  of  T.,  1  Tel.  1  Ch. 
Bichloride  of  T.,  1  Tel.  2  Ch. 

Tungsten. 

Oxide  of  Tungsten,  1  Tun.  2  Ox. 

I^t-A^i.  }l  Ton.  3  Ox. 
Sulphuret  of  T.,  1  Tun.  2  S. 
Persulphuret  of  T.,  1  Tun.  3  S. 
Chloride  of  T.,  1  Tun.  2  Ch. 
Perchloride  of  T.,  1  Tun.  3  Ch. 

Vanadium. 

OxideofV.,  1  V.  lOx. 
Peroxide  of  V.,  1  V.  2  Ox. 
Vanadic  Acid,  1 V.  3  Ox. 
Sulphuret  of  V.,  1  V.  2  S. 
Persulphuret  of  V.,  1  V.  3  8. 
Chloride  of  V.,  1  V.  2  Ch, 
Perchloride  of  V.,  1  V.  3  Ch. 

Uranium. 

Oxide  of  U.,  1  U.  1  Ox. 
Uranic  Acid,or\  «  ,,  ^  ^ 
Peroxide  of  U.  /  ^  ^-  ^  ^^• 
Sulphuret  of  U.,  2  U.  3  S. 

Manganese. 

n  Man.  1  Ox. 


Oxides  of  M. 


1  Man.  2- Ox. 

2  Man.  3  Ox. 

3  Man.  4  Ox. 

4  Man.  7  Ox. 
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Manganese  oMtmuad. 

Manganeaeoua  Acid,  1  Man.  3  Ox. 
Manganesic  Acid,  2  Man.  7.  Ox. 
Chloride  of  M.,  1  Man.  1  Cb. 
Perchloride  of  M. 
Sulphuret  of  M.,  1  Man.  1  S. 

Cobalt. 

Oxide  of  C,  1  Cob.  1  Ox. 
Peroxide  of  C,  2  Cob.  3  Ox. 
Cobaltic  Acid,  1  Cob.  2  Ox. 
Chloride  of  C,  1  Cob.  1  Ch. 
Sulphuret  of  C,  1  Cob.  1  S. 
Persulpburet  of  C.»  1  Cob.  9  S. 

Tin. 

Oxide  of  T.,lTn.l  Ox. 
Stannic  Acid,  or  "I  ^  t,^  «  r»« 
Peroxide--       HTn.JOx, 


Icid,  or\^ 
ofT.  P 
>ride  of  T., 


Hemichloride  of  T.,  9  Tn.  1  Ch. 
Chloride  of  T.,  1  Tn.  1  Ch. 
Bichloride  of  T.,  1  Tn.  2  Ch. 
Sulphuret  of  T.,  1  Tn.  1  S. 
Bisulphuret  of  T.,  1  Tn.  ft  S. 
Phosphuret  of  T.,  3  Tn.  2  Ph. 

Atwnie. — The  ^bataace  popularly  known  under  the  designation  of 
araenic  ia  the  araeqK>u8  acid,  one  of  the  compounds  of  the  metal  wiUi 
oxygen.  In  the  metallic  or  uncombined  state  arsenic  is  of  a  greyish- 
wnite  colour,  shining  brightly  when  untarnished ;  but  as  it  readily 
attracts  oxygen  from  the  air,  its  surface  soon  becomes  dull  when  ex- 

fosed  to  it ;  but  it  wiU  retain  its  lustre  if  kept  under  water  or  alcohol. 
t  is  moderately  hard,  and  yery  brittle.  Arsenic  fuses  readily,  and 
becomes  rolatilized  if  heated  in  a  close  yessel  to  about  360®.  When 
thrown  on  a  red>hot  iron,  or  otherwise  heated  in  contact  with  atmo- 
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spheric  air,  it  bums  with  a  blue  flame,  sublimiog  in  the  form  of  a 
white  vapour,  having  an  odour  like  garlic.  The  sublimate  when  cooled 
crystallizes  in  octaedrons,  consisting  of  arsenious  acid,  formerly  called 
wnite  oxide  of  arsenic.  This  substance,  well  known  as  amostyirulent 
poison,  generally  occurs  in  the  state  of  a  compact  saline  mass,  or  heayy 
white  powder.  It  is  yery  sparingly  dissolved  by  cold  water ;  but  100 
parts  of  boiling  water  will  dissolve  7.77  parts  of  the  acid,  more  than 
half  of  which  remains  suspended  after  the  liquid  becomes  cool.  The 
arsenic  acid,  which  is  a  deliquescent,  colourless  substance,  is  also  poi- 
sonous. Arseniuretted  hydrogen  is  a  strongly  poisonous,  inflammable 
gas.  Both  the  sulphurets  of  arsenic  occur  as  native  minerals.  Arse- 
nic becomes  inflamed  when  introduced  in  a  divided  state  into  chlorme 
gas,  and  bums  with  great  splendour. 

Antinumy, — What  is  termed  crude  antimony  in  commerce  is  the 
sulphuret  of  this  metal,  which  is  found  in  the  native  state.    Metallic 
antmiony  is  a  shining,  hard,  and  brittle  substance,  somewhat  the  cokmr 
of  silver.    It  has  a  laminated  and  imperfectly  crystalline  texture. 
When  exposed  to  the  air  it  loses  its  lustre,  but  is  otherwise  little 
altered.    If  rubbed  on  the  fingers,  it  gives  out  a  peculiar  smell  snd 
taste.    It  becomes  fused  at  810®,  and  sublimes  in  a  white  heat,  com- 
bining with  oxygen.    The  powdered  metal  takes  fire  when  thrown 
into  chlorine  gas,  and  bums  with  a  bright  white  flame.    The  product 
is  a  liquid,  which  becomes  concrete  at  conmion  temperatures,  consti- 
tuting the  chloride,  formerly  named,  from  its  consistence,  batter  of 
antimony.    The  perchloride  is  a  volatile,  transparent,  fuming  liqaid. 
Several  preparations  of  this  metal  are  used  in  medicine,  of  which  tiie 
best  known  and  most  valuable  is  emetic  tartar,  or  antimoniated  tsitrttle 
of  potash. 

Cdumbhun, — This  is  a  dark  grey  metal,  very  difficult  of  fusioii,  snd 
extremely  hard  and  brittle.  It  is  not  altered  by  exposure  to  the  sir; 
but  it  bums  at  a  red  heat,  forming  a  whitish  oxide*.  It  is  scarcehr  at 
all  soluble  in  any  of  the  acids  except  the  fluoric,  in  which  it  dissuTss 
with  the  evolution  of  heat,  and  the  disengagement  of  hydrogen  gas. 

Titanium. — Dr.  WoUaston  found  this  metal  in  the  slag  of  sa  iron 
furnace  at^Merthyr  Tydvil,  in  South  Wales,  in  the  state  of  small  cabie 
crystals,  of  a  rea  or  copper  colour,  and  so  hard  as  to  scratch  rock 
crystal.    It  is  infusible  by  a  common  blowpipe,  but  becomes  oxidated 
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by  contiuaed  heat,  a  purple  film  forming  on  its  aurfaoe.    No  acid  acta, 
on  it ;  but  if  it  be  heated  with  nitre,  oxidation  readily  takes  place.  The 
oxide  of  titanium  has  been  used  for  painting  on  porcelain^ 

Chrome,  or  Chromium, — This  metal  obtained  its  name  from  the  yaried 
colours  of  its  salts  *  It  is  a  white  and  very  brittle  metal,  susceptible 
of  a  high  polish,  and,  according  to  Richter,  slightly  magnetic.  It  can 
be  fused  but  imperfectly  at  a  rery  high  temperature.  No  acids  ap* 
pear  to  act  on  it  except  the  fluoric,  wbich  dissolves  it  readily.  When 
heated  with  nitre  it  combines  with  oxjgen,  forming  chromic  acid. 
This  acid  is  of  a  deep  red  colour ;  and  the  oxide  of  chrome  exhibits  a 
green  colour.  Some  of  the  coloured  gems  owe  their  beautiful  tints  to 
this  metal ;  and  it  furnishes  some  fine  pigments  for  enamel  paint- 
ing and  calico-printing. 

Molybdenum, — This  metal  is  said  to  hare  been  obtained  in  the  state 
of  smdl  grains  of  a  brittle  textare,  and  of  a  ligbt  grey  colour ;  but  it 
may  be  questioned  whether  it  has  undergone  perfect  reduction,  as  it 
is  exceedingly  difficult  of  fusion.  When  heated  in  contact  with  oxygen 
gas  or  atmospheric  air,  it  becomes  converted  into  a  white  crystalline 
sublimate,  which  is  the  molybdic  acid. 

TeUurium, — This  is  one  of  the  most  important  of  the  aoidifiable 
metals,  the  nature  and  properties  of  which  have  been  illustrated  by  tl^ 
elaborate  researches  of  Berzelius.t  The  metal  is  of  a  bright  grey 
colour,  and  has  a  foliated  texture :  it  is  brittle,  readily  fusible,  ana 
very  volatile.  When  heated  to  full  redness  in  a  close  vessel,  it  sub* 
limes  in  the  form  of  a  yellow  gas,  which  condenses  in  drops,  and  be- 
comes crystallized  on  cooling.  The  smell  of  its  vapour  is  peculiar^ 
slightly  resembling  that  of  selenium.^  Tellurium  is  soluble  in  the 
nitric  and  the  nitro-muriatic  acids.  Its  combination  with  oxygen  in 
the  proportion  of  1  T.  -f-  2  Ox.  forms  an  acid  capable  of  existing  in 
two  states,  the  tellurons  acid  and  the  paratellurous  acid ;  and  the  com- 
pound of  1  T.4-3  Ox.  has  corresponding  properties,  forming  the  telluric 

*  From  the  Greek  XpCijia,  colour, 

t  See  Johnston  on  Chemlstrjr  in  Report  of  British  Association,  ISSS^ 
p.  471. 

X  Id.  p.  479.  Ilie  odour  of  tfaia  metid,  or  rather  of  tiie  vapour  of  tellurons 
acid,  has  been  compared  with  that  of  radishes.  See  Children's  Essay  on 
Chemical  Analysis,  p.  9j, 
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and  the  paratellurio  acids.*  The  combination  of  tellurinm  widi  hydro- 
gen is  a  gas,  which,  like  sulphuretted  hydrogen,  manifests  the  propertiee 
of  an  acid. 

Tungsten* — ^This  metal  is  distinguished  for  its  specific  gravity,  being 
about  17\  that  of  water.  It  is  of  an  iron-grey  colour,  very  hard, 
brittle,  and  difficult  of  fusion.  When  heated  m  atmospheric  air  it 
combines  with  oxygen  to  form  tungstic  oxide,  a  brown  or  chocolate 
coloured  powder.  This  oxide  exposed  to  a  red  heat,  and  agitated  in 
an  open  vessel,  absorbs  more  oxygen,  and  becomes  tungstic  acid, 
which  is  a  yellow  powder,  but  acquires  a  greenish  hue  by  long  expo- 
sure to  the  rays  of  the  sun. 

Vanadium* — ^The  properties  of  this  metal  most  nearly  correspond 
with  those  of  chrome,  and  in  a  natural  arrangement  of  the  metallic  el^ 
ments,  it  might  be  placed  between  chrome  and  molybdenum.  In 
colour  and  lustre  it  resembles  the  latter  metal.  *<  It  is  characterized 
by  giving,  in  the  fonn  of  an  oxide,  blue  salts  with  acids,  with  oxygen 
forming  a  peculiar  acid,  which  fuses  at  a  red  heat  without  decompo- 
sition, and  on  cooling  is  reddish-brown  and  crystalline,  and  which 
gives  with  bases,  colourless  neutral,  and  orange-coloured  acid  salts. 
Before  the  blowpipe  it  behaves  itself  like  chromium,  with  this  charac- 
teristic difierence,  that  the  g^reen  colour  with  borax  can  in  the  oxi- 
diaing  flame  be  changed  into  a  pale  yellow  ."t 

Uranium, — ^This  metal  is  of  a  greyish-brown  colour,  poesesain^ 
considerable  lustre,  brittle,  and  very  difficult  of  fusion.  It  does  not 
tarnish  in  the  air  at  common  temperatures,  but  when  made  red-hot  in 
an  open  vessel,  it  becomes  oxidated,  forming  a  dark  green  or  blackish 
powder.  The  compound  of  2  U.  4*  ^  Ox.,  is  a  yellow  powder,  used 
m  painting  porcelain,  and  which  acts  as  an  acid,  forming  a  salt  witk 
barytes. 

manganae. — ^This  metal,  in  some  of  its  properties,  resembles  iroa. 
It  ma^  be  obtaiined  by  exposing  the  black  oxide,  with  charcoal  powder 
and  oil,  to  a  most  intense  heat  in  a  wind  furnace,  and  the  metal  wiU 
then  be  found  in  small  globules,  or  in  the  form  of  an  imperfect  battan, 
St  the  bottom  of  the  crucible.    It  is  of  a  dusky-whitish  colour,  and 

*  Bee  Johnston's  R^.  on  Chem.,  pp.  CS,  47s. 
t  Id.  p.  469. 
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fiaeiy  gt«Bular  texture,  softer  than  cast  iron,  and  rery  brittle.  It  is 
diffieult  of  fvusioD,  and  is  readily  acted  on  by  the  air,  tarnishing,  and 
at  length  crumbling  into  a  brown  powder.  When  heated  in  oxygen 
gas,  it  undergoes  combustion,  and  it  decomposes  the  vapour  of  water 
at  a  red  heat.  The  peroxide,  1  M.  4-  S  Ox.,  from  its  colour  styled 
black  oxide  of  manganese,  is  frequently  found  native,  and  is  the 
general  source  firom  which  Uie  metal  and  its  compounds  are  procured. 
No  change  is  produced  on  it  bv  exposure  to  the  air,  but  the  variety 
of  native  oxide,  called  Black  Wad,  has  the  property  of  spontaneous 
inflammation,  when  well  dried,  and  kneaded  with  Imseed  oil.  It  is 
insoluble  in  water,  and  does  not  combine  with  acids  or  idkalies ;  but 
such  acids  as  appear  to  dissolve  it,  reduce  it  to  the  state  of  protoxide, 
with  which  salts  are  formed. 

When  the  peroxide  of  manganese  is  mixed  with  an  equal  weight  of 
nitrate  of  potash,  and  exposed  to  a  red  heat,  a  green  mass  is  obtained, 
which  being  put  into  water,  furnishes  a  solution,  the  colour  of  which 
successively  becomes  green,  blue,  purple,  and  red,  and  ultimately  dis- 
appears entirely ;  whence  it  has  been  called  the  chameleon  mineral.  The 
experiment  may  be  varied  by  putting  equal  quantities  of  the  mixture 
of  the  peroxide  and  nitre  into  two  glasses,  and  pouring  on  one  hot, 
and  on  the  other  cold  water;  when  the  former  solution  will  exhibit  a 
fine  green  colour,  and  the  latter  a  deep  purple,  and  the  shades  will  vary 
with  the  alteration  of  temperature.* 

Cobalt. — ^The  metallic  nature  of  this  substance  was  first  recognised 
about  one  hundred  years  ago,  but  its  oxide  has  been  used  in  making 
coloured  glass  since  1540.  Cobalt  is  of  a  reddish-grey  colour,  and  a 
fibrous  or  laminated  texture,  brittle,  and  difficultly  fusible.  Like  kon 
and  nickel,  it  may  be  rendered  magnetic.  Air  or  water  do  not  act  on 
it  at  a  low  temperature,  but  when  heated  to  redness  in  an  open  vessel, 
it  forms  an  oxide  of  a  verv  deep  blue  colour,  and  if  the  heat  be  intense, 
the  metal  takes  fire,  and  bums  with  a  red  flame.  The  chloride  of 
cobalt  combined  with  water,  forms  Hellot's  sjrmpathetio  ink,  which 
mav  be  prepared  b^  dieesting  the  oxide  of  this  metal  in  muriatic  acid, 
ana  adding  water  till  the  liquid  becomes  of  a  pale  rose  colour.  Any 
thing  written  on  paper  with  a  clean  pen  dipped  in  this  solution,  will 

«  See  Johnston's  Rep.  on  Chem.,  pp.  477, 48S. 


142  CHEMISTRT. 

be  inyisible  till  it  is  slightlj  heated,  when  the  writing  will  appear 
of  a  bright  green  tint,  wmch  vanishes  as  the  paper  cools,  and  may  be 
renewed  at  pleasure;  but  if  once  strongly  heated,  the  characters 
become  permanent.  Acetate  of  cobalt  (the  salt  formed  by  oxide  of 
eobalt  and  acetic  add)  dissolved  in  water  constitutes  an  exceUent 
sympathetic  ink,  which  may  be  used  like  the  preceding ;  but  it  gires 
to  paper  a  beautiful  asure  instead  of  a  green  tint  when  heated.  The 
oxide  ot  cobalt,  in  combination  with  silicic  acid  and  potash,  forms 
smalt,  and  other  blue  pigments  used  in  the  arts. 

Tin. — ^Hus  is  one  ot  ue  metals  which  appear  to  have  been  known 
to  the  andent  Greeks  and  Romans,  who  obtained  it  firom  Spain  and 
Britain.  Its  general  appearance  is  well  known,  tin-plate,  consisting  of 
sheets  of  iron  coated  with  tin,  being  used  for  a  multiplici^  of  pur- 
poses ;  and  tinfoil  (leaf-tin),  employed  to  line  tea-chests,  and  wrap  up 
artides  which  require  to  be  protected  from  the  air.  Tin  is  not  very 
hard,  nor  ductile,  but  extremdy  malleable ;  and  when  sheet-tin  is  bent 
suddenly,  it  emits  a  peculiar  sound,  called  by  the  French  cri  d*itain: 
this  metal  has  also  a  characteristic  odour,  and  a  faint  but  disagreeable 
taste.  It  is  not  affected  by  water  at  common  temperatures,  but 
becomes  tarnished  by  exposure  to  the  air.  If  steam,  be  passed  over 
tin  heated  to  redness,  it  decomposes  the  water,  absorbing  oxygen,  and 
the  hydrogen  is  ffiven  off  in  the  gaseous  state.  The  compound  of 
1  T.  -|>  2  Ox.,  called  peroxide  of  tin,  is  capable  of  combination  with 
alkalies,  thus  manifesting  the  properties  of  an  acid.  When  fused  with 
glass,  it  forms  a  milk-white  enamel,  useful  for  technical  purposes. 
The  substance  called  in  commerce  tin  putty,  is  an  impure  oxide  of  tin. 
This  metal  bums  in  oxygen  gas.  when  heated  bdow  its  fusing-point, 
and  it  is  soluble  in  the  sulphuric,  nitric,  and  muriatic  acids,  fiichto- 
ride  of  tin  is  a  odourless  liquid,  called  the  fuming  liquor  of  Libavios, 
from  its  alleged  discoverer,  a  chemist  of  the  seventeenth  century. 
Combinations  of  tin  with  chlorine  are  used  in  dyeing  and  calioo- 
printing,  and  with  the  solution  of  gold  in  nitro-muriatic  acid,  to  form 
.the  purple  powder  of  Cassius,  a  pigment  employed  in  ornamenting 
porcelain.  The  bisulphuret  of  tin  is  a  substance  of  a  shining  y^XUm 
oolour,  and  a  flaky  structure,  which  was  formerly  called  Mosaic  Gold 
(Aurum  Munoum), 
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Binary  Combinationt  of  the  MetaUie  Elementt  rf  the  Second  CUus  vith 

Oxygen  and  Chlorine* 

Potasaiom. 

Protoxide  of  P.  (Potash),  1  Pm.  1  Ox. 
Peroxide  of  P.,  1  Pm.  3  Ox. 
Chloride  of  P..  1  Pm.  1  Ch. 

Sodium. 

Protoxide  of  S.  (Soda)»  1  Sod.  1  Ox. 

Peroxide  of  S.,  1  Sod.  3  Ox. 

Chloride  of  S.  (Marine  Salt),  1  Sod.  1  Ch. 

Lithium. 

Oxide  of  L.  (Lithia),  1  L.  1  Ox. 
Chloride  of  L.,  1  L.  1  Ch. 

Baryimi. 

Protoxide  of  B.  (Barytea).  1  B.  1  Ox. 
Peroxide»of  B.,  1  B.  3  Ox. 
Chloride  of  B.,  1  B.  1  Ch. 

Calcium. 

Protoxide  of  C.  (Lime),  1  Cal.  1  Ox. 

Peroxide  of  C,  1  Cal.  2  Ox. 

Chloride  of  C.  (Muriate  of  Lime),  i  Cal.  1  Ch. 

Strontium. 

Protoxide  of  S.  (Strontia),  1  Str.  1  Ox. 
Peroxide  of  S.,  1  Str.  2  Ox. 
Chloride  of  8.,  1  Str.  1  Ch. 

Magnesium. 

Oxide  of  M.  (Magnesia),  1  Mag.  1  Ox. 
Chloride  of  M.,  1  Mag.  1  Ch. 
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Aluminnm. 

Oxide  of  A.  (Alomina),  2  Al.  3  Ox. 
Chloride  of  A.,  S  Al.  3  Cb. 

Zirconium. 

Oxide  of  Z.  (Zircon  Earth),  2  Zir.  3  Ox. 

Glucinum. 

Oxide  of  G.  (Glucina),  2  Gl.  3  Ox. 

Yttrium. 

Oxide  of  Y.  (Yttria),  1  Y.  1  Ox. 

Thorium. 

Oxide  of  T.  (Thorina),  1  Th.  1  Ox. 

Potaisium, — This  metal  is  the  basis  of  potassa,  or,  as  it  was  for- 
merly called,  the  Fixed  Vegetable  Alkali,  which  was  discovered  by 
Sir  H.  Davy  to  bo  protoxide  of  potassium.  It  may  be  procured  by 
placing  a  thin  plate  of  pure  caustic  potash,  slightly  moistened,  between 
two  disks  of  platina,  connected  with  the  opposite  wires  of  a  powerfiil 
Voltaic  battery,  when  the  alkali  will  become  fused  and  afterwards 
decomposed,  its  oxygen  being  evolved  at  the  positive  wire,  'while  the 
metal,  in  small  shimng  globules,  will  make  its  appearance  at  the  surface 
connected  with  the  negative  wire.  Potassium  may  also  be  obtained 
by  passing  melted  potash  through  a  red-hot  gun-barrel,  contaming 
fragments  of  iron,  which  at  a  very  high  temperature,  will  decompose 
the  alkali,  by  attracting  its  oxygen,  and  thus  the  metal  will  be  set  free 
as  before.  The  affinity  of  this  metal  with  oxygen  is  so  great,  that  it 
decomposes  most  bodies  which  contain  it,  even  at  very  low  tempera- 
tures ;  and  hence  when  potassium  comes  in  contact  wiu  atmospheric 
air  or  water,  it  immediately  absorbs  oxygen  from  either  of  those  fluids, 
and  protoxide  of  potassium  or  potash  is  thus  produced.  Potassium, 
therefore,  cannot  be  preserved  without  being  secured  from  the  cootact 
of  air  and  water ;  but  it  may  be  kept  immersed  m  ether,  or  included  in 
exhausted  glass  tubes  hermetically  sealed. 
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Potassium  at  39^*  Fahrenheit,  is  a  hard,  brittle  solid,  of  a  crys- 
talline structare,  and  of  a  white  colour,  like  silver.    At  about  50^  it 
becomes  malleable  and  ductile,  having  nearly  the  consistency  of  soft 
wax,  and  in  that  state  its  specific  gravity  is  about  0.85;  at  1509  it 
is  perfectly  fluid,  and  at  a  bright  red  heat  it  sublimes  without  decom- 
position, in  the  form  of  a  green  vapour.     It  is  a  good  conductor,  both 
of  heat  and  electricity.     When  this  metal  is  heated  in  air  or  oxygen 
gas,  it  burns  with  a  brilliant  white  flame,  and  is  converted  into  an 
orange-coloured  substance  which,  on  cooling,  appears  in  the  state  of 
crystalline  scales.    This  is  the  peroxide  of  potassium.    The  protoxide 
of  potassium,  or  caustic  potash,  has  a  most  powerful  affinity  for 
water,  which  it  readily  absorl»  from  the  air ;  and  thus  forms  a  definite 
compound,  called  hydrate  of  potash,  composed  of  1  potash  -{-  1  water. 
The  common  potash  and  pearlash  of  the  shops  consist  of  this  alkali 
combined  with  carbonic  acid,  forming  carbonate  of  potash.     This  salt 
is  commonly  obtained  by  evaporating  the  ley  produced  by  steeping 
wood-ashes  in  water.    The  decomposition  of  the  carbonate  of  potash 
is  efiected  by  means  of  caustic  lime,  which  having  a  stronger  attraction 
for  carbonic  acid  than  potash  has,  it  attracts  the  acid,  and  sets  free 
the  alkali  in  the  state  of  hydrate  of  potash.     This  substance,  when  pu- 
rified, is  white,  acrid,  and  corrosive,  destroying  the  texture  of  animal 
and  vegetable  substauoes.    It  speedily  absorbs  moisture  and  carbonic 
acid  from  the  air,  but  it  may  be  crystallized  in  octaedrons,  by  keeping 
a  strong  solution  of  it  in  water  for  some  time,  in  close  vessels.    It 
reddens  substances  coloured  by  turmeric,  changes  vegetable  blues  to 
green,  and  neutralizes  acids  without  any  effervescence.    It  enters  into 
combination  with  fat  oils,  forming  soft  soaps. 

When  small  quantities  of  potassium  are  introduced  into  chlorine 
gas,  intense  inflammation  takes  place,  and  the  chloride  is  produced. 
Thia  is  a  white  saline  substance,  of  a  bitter  disagreeable  taste,  readily 
soluble  in  water,  from  which  it  may  be  procurod  by  evaporation  in 
cubic  crystals.  It  was  formerly  supposed  to  be  a  compound  of  mu- 
riatic acid  and  potash,  and  it  was  long  used  in  medicine  under  the 
names  of  digestive  salt  of  Sylvius,  and  regenerated  seaHMlt.  Potassium 
has  a  stronger  affinity  for  chlorine  than  for  oxygen,  since  both  its  oxides 
are  decomposed  by  chlorine  gas. 

Potassium  enters  into  combination  with  iodine  and  with  bromine, 
aad  the  iodide  of  potassiaia  is  sometimes  used  in  medicine.     Po- 
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taaaium  also  unites  with  hydrogen,  sulphar,  seleniimi,  phosphoras,  and 
carbon,  to  fbim  pecaliar  compounds.  Alloys  are  formed  by  the  com- 
bination  of  potassiam  with  various  other  metallic  bodies.  The 
amalgam  of  potassium,  or  combination  of  this  substance,  with  mer- 
cury, may  be  readily  formed,  by  mixing  them  together  at  the  usual 
temperature  of  the  air.  This  amalgam  may  also  be  produced  by 
placing  a  thin  mass  of  mercury  in  the  bottom  of  a  flat  glass  Teasel, 
about  two  inches  in  diameter,  and  pouring  over  it  a  strong  solution  of 
caustic  potash,  then  on  connecting  an  iron  wire  from  the  negative  pole 
of  a  Voltaic  battery  with  the  mercury,  and  a  platina  wire  from  tbe 
positive  pole  with  the  alkaline  solution,  into  which  it  must  be  dipped 
80  as  not  to  touch  the  surface  of  the  mercury,  an  amalgam  will  be 
formed  with  such  rapidity,  that  more  than  1200  grains  of  mercnry  will 
become  combined  into  a  solid  alloy  with  the  potash  in  twen^>foin 
hours.  This  amalgam  has  the  property  of  dissolving  all  other  metals. 
Potassium  likewise  combines  with  gold,  silver,  and  copper;  bat  when 
any  of  its  alloys  are  thrown  into  water  they  become  decomposed,  potash 
being  formed,  which  dissolves  in  the  water,  and  the  other  metal  is  set 
free. 

Sodium. — This  metal,  which  is  the  basis  of  soda  or  mineral  alkali,    l 
greatly  resembles  potassium,  both  in  its  physical  and  chemical  proper- 
ties. It  may  be  obtained  from  soda  by  similar  processes  to  those  already 
described  for  the  decomposition  of  potash,  only  it  is  necessary  to  em-    I 
ploy  a  stronger  electric  power,  or  a  higher  degpree  of  heat.     Sodium  is 
a  soft  malleable  metal,  which  does  not  become  brittle  like  potassium  at 
32^,  since  at  that  temperature  globules  of  it  may  be  welded  tc^j^ther    | 
by  pressure.     It  is  rather  heavier  than  potassium,  its  specific  gravitj 
being  0.97.     In  colour  it  resembles  lead,  but  tarnishes  on  exposare  o 
a  moist  atmosphere.    Its  fusing-point  is  about  190^,  and  it  is  volatile 
at  a  white  heat ;  but  if  heated  in  contact  with  air,  it  bums  with  a 
white  light,  accompanied  with  red  sparks.     In  consequence  of  \ti 
powerful  affinity  for  oxygen,  it  must  like  potassium,  be  preserved 
under  ether  or  naphtha.    Soda,  or  the  protoxide  of  sodium,  combines 
with  water,  forming  hydrate  of  soda,  which  is  the  mineral  alk^  ot 
natron  of  commerce. 

The  combination  of  sodium  with  chlorine  (chloride  of  sodamn),  ■ 
the  substance  generally  known  as  common  or  marine  salt.  This  bodv, 
which  exists  largely  in  nature,  especially  in  the  state  of  rock-salt  asd 
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in  solution  in  sea-water,  was  formerly  supposed  to  be  a  compound  of 
juuriatic  acid  and  soda,  and  hence  it  was  called  muriate  of  soda.     It 
is  now  known,  however,  to  be  a  substance  of  a  different  class  from 
the  proper  salts,  or  compounds  of  acids  and  alkalies,  and,  upon  the 
whole,  It  maj  be  considered  as  having  a  closer  analogy  with  the 
alkalies  than  with  the  neutral  salts.    It  may  be  produced  artificially  by 
heating  sodium  in  chlorine  gas,  when  the  metal  bums,  forming  a  white 
compound,  which  is  the  chloride  of  sodium.     This  chloride  becomes 
decomposed  by  heating  it  with  potassium,  and  thus  the  sodium  is  set 
free  and  chloride  of  potassium  produced.      If  protoxide  of  sodium 
be  exposed  to  heat,  in  chlorine  gas,  oxygen  will  be  evolved,  and 
chloride  of  sodium  formed.     When  the  protoxide  is  heated  in  hydro* 
chloric  (muriatic  acid)  gas,  a  mutual  decomposition  will  take  place, 
and  the  products  will  be  the  chloride  and  water.    The  chloride  of 
sodium  crystallizes  in  regular  cubes,  which  decrepitate,  or  fall  into 
pieces  with  a  crackling  noise  when  heated  ;  and  if  the  heat  be  raised 
to  redness,  the  crystals  fuse  without  decomposition,  and  on  cooling  be- 
come congealed  into  a  hard  white  mass.     This  substance,  though 
readily  soluble  in  water,  is  almost  insoluble  in  alcohol.    Its  general 
properties,  and  the  numerous  purposes  to  which  it  is  applied,  are  too 
well  known  to  require  specification. 

Sodium  unites  with  iodine  and  bromine,  and  among  the  com- 
bustibles, with  sulphur,  selenium,  and  phosphorus,  but  not  with 
hydrogen.    It  forms  alloys  with  most,  if  not  all,  the  metals. 

Lithium, — This  is  a  metallic  substance  comparatively  of  rare  oc- 
currence, having  hitherto  been  found  only  in  the  petalite,  spodumene, 
lepidolite,  some  kinds  of  feldspar,  and  a  few  other  minerals,  and  in 
certain  waters  in  Bohemia*   In  these  bodies  it  exists  in  the  state  of  an 
oxide,  called  lithia,  which  exhibits  properties  partly  resembling  those 
of  the  earths,  and  partly  those  of  the  alkalies.    The  oxide  of  lithium 
may  be  decomposed,  like  potash  and  soda,  by  Voltaic  electricity,  and 
the  product  is  a  brilliant  white  and  highly  combustible  metallic  sub- 
stance, bearing  much  resemblance  to  sodium  ;  but  its  properties  have 
hitherto  been  very  little  investigated,  in  consequence  of  the  scarcity 
of  ita  compounds^  Chloride,  iodide,  fluoride,  and  sulphuret  of  lithium 
have  been  obtained,  but  their  respective  properties  are  but  imperfectly 
known.     Oxide  of  lithium  (lithia)  differs  from  potash  and  soda  in  its 
power  of  saturating  a  greater  quantity  of  any  acid,  and  in  forming 
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difficultly  soluble  salts  with  the  carbonic  and  phosphoric  acids.  It  mi; 
be  distinguished  from  the  alkaline  earths  (lime  and  barytes)  by  ^ 
greater  solubility  of  its  saline  compounds  with  the  sulphuric  and  oxtlie 
acids ;  and  by  its  acting  in  the  state  of  carbonate  upon  yegetablecoloais, 
like  potash  and  soda. 

Baryum. — ^This  metallic  body  may  be  obtained  by  negatively  eleo 
trizing  its  oxide  (which  is  the  earth  called  barytes)  in  contact  witb 
mercury.    An  amalgam  will  thus  be  gradually  formed,  from  which  the 
mercuiy  may  be  expelled  by  heat.     The  metal  is  of  a  dark  grey  coloar, 
with  a  lustre  inferior  to  that  of  cast-iron,  and  it  is  about  twice  as  heiry 
as  water.   It  speedily  absorbs  oxygen  when  exposed  to  air,  crumbling 
into  a  white  powder,  which  is  the  protoxide  of  baryum  :  and  when 
thrown  into  water  it  suddenly  decomposes  that  fluid,  hydrogen  beis^ 
evolved,  and  the  oxide  which  is  formed  dissolving  in  the  water.    The 
protoxide  of  baryum  (barytes)   is  not  unfrequently   found  among 
minerals,  in  combination  with  either  the  carbonic,  or  the  8u\p\)anc 
acid,  with  the  latter  of  which  it  constitutes  the  substance  called  pon- 
derous spar  (terra  ponderosa).    Pure  barytes  has  a  caustic  taste,  tam.« 
vegetable  blue  colours  green,  and  neutralizes  acids  like  the  aUcaUes.  \^ 
is  very  poisonous,  as  likewise  are  all  the  soluble  salts  formed  of  it.   It 
is  usually  obtained  in  the  state  of  a  grey  powder,  the  specific  gn^^J 
of  which  is  about  4.     It  is  insoluble  in  pure  alcohol,  but  rery  readH; 
soluble  in  water,  and  it  may  be  slaked  like  quicklime,  giving  cot  < 
great  quantity  of  heat  during  the  process.     Peroxide  of  baryum  mv 
be  produced  by  heating  the  protoxide  in  oxygen  gas,  which  is  rapi^; 
absorbed,  and  a  grey  compound  is  formed.     Ihis  substance  is  prin^ 
pally  deserving  of  notice,  as  having  been  used  by  M.  Thenard  iat!» 
preparation  of  oxygenated  water,  of  which  some  account  has  htf^ 
already  given. 

Baryum  unites  with  chlorine,  iodine,  bromine,  and  fluoride,  ^^ 
also  with  some  of  the  simple  combustibles. 

Calcium. — This  metal  was  discovered  by  Sir  H.  Davy,  who  pi^ 
cured  it  in  a  separate  state  from  lime  by  the  action  of  a  Vo\ta\c  Hi 
tery.  It  has,  however,  been  obtained  in  very  small  quantities,  tf> 
but  little  is  known  concerning  its  physical  properties,  except  tbtf ) 
has  the  colour  and  lustre  of  silver.  When  exposed  to  commoo  ^ 
the  metal  takes  fire,  and  burns  with  an  intense  white  light,  fors^ 
protoxide  of  calcium,  or  pure  lime.    The  amalgam  of  calcium  tbic"'^ 
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into  water  is  decomposed  with  the  evolotion  of  hydrogen,  and  the 
oxygen  of  the  water  unites  with  the  calcium  to  form  lime.    The  pro- 
toxide of  calcium  (lime)  is  a  white  pulyerulent  eartli,  which  is  one  of 
the  most  ahundaot  and  most  important  of  all  natural  suhstances.    In 
the  mineral  kingdom  it  forms  limestone  and  other  rocks ;  it  is  con- 
tained in  maoy  vegetable  products,  and  also  forms  the  basis  of  bone 
and  other  animal  substances.    It  may  be  most  readily  obtained  in  the 
state  of  purity  by  exposing  powdered  calcareous  spar,  or  white  marble, 
to  a  strong  red  heat.    Pure  lime,  commonly  called  quicklime,  has  an 
acrid  and  alkaline  taste,  corrodes  animal  substances,  and  changes 
I        vegetable  blue  colours  to  green.    It  is  very  difficultly  fusible,  but 
(        facilitates  extremely  the  fusion  of  other  mineral  bodies,  as  metallic 
(        ores,  and  it  is  therefore  employed  as  a  cheap  and  powerful  flux.    It  is 
i        sparingly  soluble  in  water,  and  hot  water  takes  up  a  smaller  quantity  of 
i       it  than  .cold,  so  that  when  lime-water  is  boiled,  the  lime  is  precipi- 
j        tated.     Lime  absorbs  moisture  from  the  air,  and  becomes  converted 
{       into  hydrate  of  lime,  as  also  happens  when  it  undergoes  the  process 
^       of  slaking.     Lime  may  be  obtained  in  a  crystalline  state  by  placing 
^       lime-water  under  the  exhausted  receiver  of  an  air-pump,  together  wi£ 
^       sulphuric  acid  in  another  vessel,  the  water  thus  becoming  slowly  eva- 
porated, imperfect  hexagonal  crystals  will  be  formed,  consisting  of 
liydrate  of  lime. 

Calcium  is  capable  of  entering  into  combination  with  oxygen  in  two 

proportions,  forming,  besides  lime,  a  peroxide  or  deutoxide.    The 

chloride  of  calcium,  which  is  formed  when  pure  lime  is  heated  in 

chlorine,  is  known  in  commerce  under  the  names  of  oxymuriate  of  lime 

and  bleaching  powder,  extonsively  used  for  various  purposes. 

^  Strontium, — This  metal  may  be  obtained  from  the  earth  called 

^     iStrontia,  which  is  an  oxide  or  strontium,  by  a  process  analogous  to 

^      that  described  for  the  production  of  baryum.     It  possesses  but  a 

moderate  degree  of  lustre,  is  difficult  of  fusion,  and  not  volatile.    It  is 

^     converted  into  an  oxide  by  exposure  to  atmospheric  air,  and  it  also  de- 

eomposes  water.     The  oxide  of  strontium,  or  strontia,  derives  its 

^j     appellation  from  its  having  been  found  in  a  mineral,  first  discovered  in 

'     a  leftd-mine  at  Strontian,  in  Argyllshire,  in  which  the  earth  is  com- 

^    bined  with  carbonic  acid.    Strontia  is  a  grey  pulverulent  mass,  having 

"■*    ^«cidedly  alkaline  properties.    It  may  be  slaked  with  water,  giving 

out  much  heat,  and  forming  a  solid  hydrate,  which  is  readily  soluble  in 
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boiling  water,  and  deposits  crystals  on  cooling.  When  immersed  in 
alcohol,  it  causes  the  vapours  of  that  fluid  to  bum  with  a  bright  red 
flame.  Its  taste  is  acrid;  but  it  difiers  from  barytes  in  not  being 
poisonous.  Strontium  unites  with  chlorine  and  some  other  bodies; 
but  its  compounds  have  been  but  slightly  examined. 

Magnetinm^ — Sir  H.  Davy  was  foiled  m  an  attempt  to  procure  mag* 
nesium  by  exposing  the  earth,  in  its  pure  state,  to  the  action  of  th» 
Voltaic  battery ;  but  he  succeeded  better  by  galvanising  solutions  of 
the  sulphate  or  nitrate  of  magnesia,  in  contact  with  mercury.  By 
this  means  a  metallic  solid  was  obtained,  which  sunk  rapidly  in  water, 
though  surrounded  by  globules  of  gas,  producing  magnesia ;  and  it 
quickly  changed  in  air,  becoming  covered  with  a  white  crust,  or  ialling 
into  a  fine  powder,  which  proved  to  be  magnesia.  The  metal  has  since 
been  obtained  by  M.  Bussy  from  the  action  of  potassium  on  chloride 
of  magnesium,  neated  to  redness  in  a  porcelain  tube.  It  appeared  in 
the  state  of  small  brown  scales,  which  when  rubbed  in  an  agate  mortar 
left  a  metallic  trace  of  a  leaden  colour.  It  burns,  when  strongly  heated, 
with  a  red  light,  forming  magnesia. 

The  oxide  of  magnesium  (magnesia) ,  in  combination  with  acids,  i» 
abundantly  distributed  by  nature  in  the  mineral  kingdom,  entering^ 
into  the  composition  of  various  rocks,  and  being  found  in  considerable 
quantities  in  the  water  of  the  sea,  and  of  mineral  springs.  It  usually 
occurs  in  the  state  of  sulphate,  from  which  the  carbonate  is  prepared, 
by  the  addition  of  carbonate  of  potash  or  of  soda,  when  a  precipitatiou 
takes  place.  The  oxide  of  magnesium  may  be  obtained  pure  by  ex> 
posing  carbonate  of  magnesia  to  a  strong  red  heat,  and  the  product, 
known  by  the  name  of  calcined  magnesia,  is  frequently  used  ua  medi- 
cine. It  is  a  soft,  white,  infusible  powder,  having  neither  taste  nor 
smell.  It  slightly  reddens  turmeric,  and  has  some  action  on  the  blue 
tint  of  violets,  turning  it  green,  like  alkalies. 

Magnesium  combines  with  chlorine  and  iodine. 

Aluminum, — This  metal  has  been  obtained  in  the  state  of  •  fia^y* 
divided,  grey  substance,  or  in  small  scales  with  some  metallic  lustre. 
It  is  very  difficult  of  fusion ;  and  though  in  the  pulverulent  state  it 
seems  not  to  conduct  electricity,  it  becomes  a  conductor  irhen  its 
particles  are  united.  It  does  not  become  oxidised  by  mere  exposure 
to  the  air ;  but  if  heated  almost  to  redness,  it  bums,  forming-  a  w^hiw 
substance,  having  the  general  properties  of  aluminous  earth* 
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The  oxide  of  aluminum  or  alumioe,  is  found  in  abundance  in  the* 
mineral  kingdom,  constituting,  either  alone  or  with  other  substances, 
most  of  the  precious  stones,  as  the  sapphire,  the  topaz,  the  ruby, 
and  the  garnet ;  and  it  is  a  constituent  part  of  the  hardest  and  most 
ancient  rocks,  and  in  general  also  of  the  superior  soil.  In  the  state  of 
day  it  is  lai^ely  used  in  making  tobacco-pipes,  bricks,  pottery,  and 
porcelain.  In  combination  with  sulphuric  acid  this  oxide  forms  alum, 
so  extensiyely  used  in  the  arts  and  in  medicine.  Pure  alumina  may  be 
obtained  by  precipitating  a  solution  of  alum  (sulphate  of  alumina)  in 
water,  by  means  of  ammonia  or  carbonate  of  potash.  A  white,  bulky 
hydrate  of  alumina  will  thus  be  obtained,  which,  when  well  washed 
and  exposed  to  a  white  heat,  will  yield  the  earth  in  a  state  of  purity. 
Alumine  is  a  white  bland  powder,  which  adheres  to  the  tongue,  but 
has  neither  taste  nor  smell,  and  does  not  affect  yegetable  colours.  It 
is  insoluble  in  water,  but  when  moistened  with  it,  forms  a  ductile, 
cohesiye  mass.  It  has  a  great  affinity  for  moisture ;  and  after  ignition, 
it  will  absorb  from  the  atmosphere  a  quantity  of  water  equal  to  half 
its  weight.  This  earth  enters  into  permanent  combinations  with 
yarious  animal  and  yegetable  colouring  matters,  and  hence  it  is  of 
great  use  in  dyeing  and  calico-printing. 

Chloride  of  aluminum  is  a  yellowiah,  transparent  crystalline  sub* 
stance,  which  rises  in  yapour  at  212^.  When  exposed  to  the  air  it 
rapidly  deliquesces,  forming  an  acid  solution. 

2^ireontiim.— This  metal  has  been  obtained  from  the  earth  called 
zircon  (oxide  of  sirconium)  by  Galyaniam,  and  also  by  heating  potas* 
sinmwith  a  peculiar  aalt,  fluate  of  zirconia  and  potash  carefuUy  dried. 
It  is  thus  procured  in  the  state  of  a  black  powder,  difficultly  aoluble 
in  aeids,  except  ihe  hydrofluoric,  which  reaaily  acts  on  it,  extricating 
hydrogen.  When  rubbed  between  two  hard  substancea  it  appears  in 
the  form  of  shining  scales,  of  a  dark  grey  colour*  If  heated  in  atmo* 
spheric  air,  it  bums  brightly,  forming  zircon  earth.  This  earth  (oxide 
of  sirconium)  is  a  white  insipid  powder,  which  forms  salts  with  dif« 
ferent  acids,  and  is  sparingly  dissolyed  by  the  carbonated  alkalies;  but 
not  by  the  alkalies  in  a  pure  state. 

Glucinum, — This  metal  may  be  obtained  by  decomposing  its  chloride 
by  potassium.  It  is  a  erey  substance,  haying  but  little  metallic  lustre, 
and  very  difficult  of  fusion.  It  is  not  affected  by  air  or  water  at  common 
temperatures;  but  when  heated,  it  bums,  forming  gluoiua,  or  oxide 
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of  gluciaam.  This  oxide  waa  first  disoorered  in  the  heiyl,  and  it  also 
occurs  in  the  emerald  of  Peru,  and  in  the  eudase ;  but  has  not  yet 
been  found  in  any  other  minerals.  It  is  a  fine,  white,  soft  powder, 
adhering  to  the  tongue  like  pure  clay.  It  does  not  affect  yegetable 
colours,  and  is  insoluble  in  water ;  with  which,  however,  it  forms  a 
ductile  paste.  With  the  acids  it  combines  to  fi>rm  salts,  having  a 
sweetish,  astringent  taste ;  whence  its  name,  fimm  the  Greek  word 
rXvjcvc,  tvteet. 

Yttrium, — This  is  the  metallic  basis  of  the  earth  called  yttria  or 
ittria,  which  was  discovered  in  a  mineral  found  in  the  quarry  of 
Ytterby,  in  Sweden.    This  earth  has  since  been  met  with  only  in  one 
other  mineral  in  the  same  country.    Yttria  (oxide  of  yttrium)  is  an 
insipid,  white  powder,  which  has  no  action  on  vegetable  colours,  and 
is  remarkable  tor  its  specific  gravity,  which  is  4.8.    It  is  insoluble  in 
water,  and  inci^able  of  fusion,  except  at  a  very  intense  heat.     With 
the  acids  it  forms  salts,  having  a  sweetish,  austere  taste,  but  which 
have  hitherto  been  but  slightly  examined.    The  metal  has  been  pro- 
cured, by  decomposing  the  chloride  of  3rttrium,  by  means  of  potassium, 
in  the  state  of  iron-grey  scales,  which  burn  brilliantly  when  heated  in 
oxygen  gas  or  common  air,  forming  yttria.    The  metal  is  not  acted 
on  by  water,  but  dissolves  in  sulphuric  acids. 

rftortnttm.~-Thorinum,  or  thorium,  is  the  name  given  to  a  metal»  dis> 
covered  by  Berzelius.  In  1816,  in  analyzing  some  Swedish  minerals, 
he  obtained  an  earthy  substance,  which  he  concluded  to  be  the  oxide  of 
a  new  metal  (thorium),  but  he  subsequently  found  it  to  be  a  subpbos- 
phate  of  yttria.  However,  in  18ti8,  Berzelius  received  a  black, 
neavy  mineral  from  the  vicini^  of  Brevig,  in  Norway ;  whic^»  on 
analjTsis,  was  found  to  consist  chie6y  of  a  silicate  of  a  new  earth,  ^rhich 
constituted  about  58  per  cent,  of  the  whole  mineral.  To  the  base  of  this 
earth  he  gave  the  name  of  Thorium,  because  it  resembled  in  its  pro- 
perties the  subphosphate  of  yttria,  to  which  the  name  had  been  pre> 
viously  applied.  Thoria  (oxide  of  thorium)  displays  c(msid«rable 
analogies  with  yttria,  sirconia,  and  glucioa. 
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Binary  Combinationt  of  the  Metallic  EUmentt  of  the  Third  Class  with 
Oxygen  and  tome  other  Non-metalUe  Elemonts, 

Iron. 

Black  Oxide  of  I.,  1  Jr.  1  Ox. 
Red  Oxide  of  I.,  2  Ir.  3  Ox. 
Chloride  of  l.,l  Ir.  1  Ch. 
Perchloride  of  L,  2  Ir.  3  Ch. 
Salphuret  of  I.,  1  Ir.  1  S. 
Bisulphnrat  of  I.,  1  Ir.  2  S. 

Nickel. 

Oxide  of  N.,  1  Nk.  1  Ox. 
Peroxide  of  N.,  2  Nk.,  3  Ox. 
Sulpharet  of  N.,  1  Nk.  1  S. 

Zinc. 

White  Oxide  of  Z.»  1  Zn.  1  Ox. 
Chloride  of  Z.,  1  Zn.  1  Ch. 
Salphnret of  Z.  (Blende),  1  Zn.  1  S. 

Cadmium. 

Oxide  of  C,  1  Cad.  1  Ox. 
Sulpharet  of  C,  1  Cad.  1  S. 

Cerium. 


Oxide  of  C.,1  Cer.  1  Ox. 
Peroxide  of  C,  2  Cer.  3  Ox. 


Lead. 


Protoxide  of  L.',  1  Ld.  1  Ox. 

Red  Oxide  of  L.  (Minium),  2  Ld.  3  Ox. 

Brown  Oxide  of  L.,  1  Ld.  2  Ox. 
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Lead  continued. 

Chloride  of  L.,  1  Ld.  1  Ch. 
Sulphuret  of  L.  (Galena),  1  Ld.  1  S. 

Copper. 

Ozidule  of  C,  2  Cop.  1  Ox. 
Oxide  of  C.,1  Cop.  1  Ox. 
Deutoxide  of  C,  1  Cop.  2  Ox. 
Chloride  of  C. 
Perchloride  of  C. 
Hemisulphuret  of  C,  3  Cop.  1  S. 
Sulphuret  of  C,  1  Cop.  1  S. 

flCop.SS. 

Persulphurets  of  S. 


1  Cop.  3  S. 
1  Cop.  4  S. 
1  Cop.  5  S. 
Phosphuret  of  C,  1  Cop.  1  Ph. 


Bismuth. 

Oxide  of  B.,1  Bis.  1  Ox. 
Chloride  of  B.,  1  Bis.  1  Ch. 
Sulphuret  of  B.,  1  Bis.  1  S. 

Mercurj. 

Black  Oxide  of  M.,  1  Mer.  1  Ox. 

Red  Oxide  of  M.»  1  Mer.  2  Ox. 

Chloride  of  M.  (Calomel),  1  Mer.  1  Ch. 

Perchloride  of  M.  (Corrosive  Sublimate),  1  Mer.  2  Ch. 

Sulphuret  of  M.  (Ethiops  Mineral),  1  Mer.  1  S. 

Bisulphuret  of  M.  (Vermilion),  1  Mer.  2  S. 

Silver. 

Oxide  of  S.,lSil.l  Ox. 

Chloride  of  S.  {Luna  C<ymea,  Horn  Silver),  1  Sil.  1  Ch. 

Sulphuret  of  S.,  1  Sil.  1  S. 

Gold. 

OxideofG.,  IGd.  lOx. 
Peroxide  of  G.,  1  Gd.  3  Ox. 
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Gold  continued. 


Chloride  of  G.,  1  Gd.  1  Ch. 
Perchloride  of  G.,  1  Gd.  3  Ch. 
Sulphuret  of  G.,  1  Gd.  1  S. 
Persulphuret  of  G.,  1  Gd.  3  S. 


Platina. 


Oxide  of  P.,  1  PI.  lOx. 
Deutoxide  of  P.,  1  PI.  2  Ox. 
Chloride  of  P.,  1  PI.  1  Ch. 
Bichloride  of  P.,  1  PI.  2  Ch. 


Palladium. 


Oxide  of  P.,  1  Pal.  1  Ox. 
Sulphuret  of  P.,  1  Pal.  1  S. 


Rhodium. 


Oxide  of  R.,t  Rh.  1  Ox. 
Peroxide  of  R.,  2  Rh.,  3  Ox. 


Iridium. 

Oxides  of  I. 

Osmium. 


fl  Irid.  1  Ox. 
2  Irid.  3  Ox. 
1  Irid.  2  Ox. 
1  Irid.  3  Ox. 


Oxides  of  0. 


1  Os.  1  Ox. 

2  Os.  3  Ox. 
1  Os.  2  Ox. 
1  Os.  3  Ox. 
1  Os.  4  Ox. 


Iron. — But  few  of  the  elementary  bodies  with  which  we  are  ac- 
qaainted  occur  so  sbandantlj  and  in  so  many  various  forms  as  iron. 
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Among  the  metals,  excepting  some  of  the  bases  of  earths  and  alkalies, 
there  is  not  one  which  enters   so  largely  into  the  composition  of 
mineral,  vegetable,  and  animal  substances.    It  is  also  distinguished 
for  its  general  utility,  possessing  admirable  properties,  adapting  it 
for  the  construcdou  of  a  multiplicity  of  weapons  and  instruments, 
useful  in  peace  and  war,  in  arts,  manufactures,  and  for  domestic  pur- 
poses.    Its  capabilities  were  known,  and  to  a  certain  extent,  duly  ap- 
'   preciated  by  the  ancients;  but  they  have  been,  in  modem  times,  far 
more  fiiUy  developed,  and  the  metal  and  its  compounds  consequeotly 
rendered  subservient  in  a  most  extraordinary  degree  to  the  luxuries  as 
well   as  the  wants  of  our  contemporaries.     Chain-bridges,   steam- 
engines,  watch-springs,  and  magnets,  are  among  the  numerous  articles 
constructed  of  this  metal,  the  invention  of  which  is  comparatively  of 
modem  date.  Though  iron  when  pure  requires,  to  melt  it,  an  extremely 
high  temperature,  it  is  susceptible  of  an  imperfect  kind  of  fusion  at  a 
white  heat;  for  when  exposed  to  that  heat  it  becomes  so  much  soft- 
ened, especially  at  the  surface,  that  if  two  pieces  are  placed  in  contact, 
and  hammered,  they  may  be  most  firmly  and  securely  united.     This 
operation  is  termed  welding,  and  the  temperature  at  which  it  is  effected 
is  sometimes  called  a  welding  heat.    The  combustibility  of  iron  has 
been  already  noticed.*     When  it  is  burnt,  either  in  oxygen   gas  or 
atmospheric  air,  the  protoxide  of  iron  is  formed ;  if  this  compoand 
be  exposed  to  a  red  heat  for  some  hours,  it  combines  with  an  addi- 
tional quantity  of  oxygen,  and  becomes  converted  into  the  peroxide. 
Both  the  oxides  combine  with  water,  constituting  hydrated  oxides  of 
iron.    Chloride  of  iron  is  a  brittle,  lamellar  substance,  of  a  grev 
colour,  which  requires  for  its  fusion  a  red  heat.     Perchloride  <^ 
iron  is  the  product  of  the  combustion  of  iron  wire  in  chlorine  gas. 
The  metal  bums  with  a  red  light,  forming  a  compound  which  sub- 
limes in  iridescent  brown  scales.    The  bisulphuret  of  iron  is  a  native 
mineral,  occurring  in  the  state  of  gold-coloured  crystals,  called  pyrites. 
Iron  combines  in  variable  proportions  with  carbon :  when  the  metal  is 
in  excess,  composing  the  different  kinds  of  steel  and  cast-iron  ;  and 
when  the  carbon  largely  exceeds,  forming  plumbago. 

Nickel, --^ThiB  is  a  hard  metal,  of  a  white  colour,  malleable  and  doe- 
tile,  but  difficult  of  fusion,  and  not  acted  on  by  atmospheric  air  or 

*  See  p.  73. 
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water  at  common  temperatures.  When  pure  it  may  be  rendered  mag- 
netic, like  iron  ;  and  it  has  therefore  been  sometimes  employed  in  the 
construction  of  magnetic  needles.  If  exposed  to  intense  beat  with 
access  of  air,  it  becomes  slowly  oxidized ;  and  it  bums  with  yind 
scintillations  in  oxygen  gas. 

Zinc, — This  metal  in  appearance  resembles  lead»  but  is  when  untar" 
nished  of  a  lighter  colour.  It  speedily  attracts  oxygen  when  ex- 
posed to  air  and  moisture ;  and  it  is  easily  dissolved  by  acids  and 
alkalies,  both  in  the  metallic  state  and  when  oxidated.  It  is  malle- 
able and  ductile  when  heated  to  between  SIO^  and  300^  Fahrenheit. 
At  about  725^  it  melts,  and  becomes  crystallized  on  cooling.  If  ex- 
posed to  a  temperature  beyond  its  melting-point,  with  the  access  of 
air,  it  bums  with  a  bright  bluish  flame,  forming  the  oxide,  formerly 
called  flowers  of  zinc. 

Cadmium  resembles  tin  in  its  sensible  properties ;  and  when  heated 
in  atmospheric  air  forms  a  sublimate,  which  condenses  into  a  brownish- 
yellow  oxide.  I'he  oxides  of  this  as  well  as  the  three  preceding  metals 
are  readily  reduced  by  heat  alone  to  the  metallic  state. 

Cerium, — The  protoxide  of  cerium  is  a  white  powder,  which  differs 
from  the  oxides  of  the  metals  just  described,  in  being  extremely  diffi- 
cult of  reduction.    The  metal  itself  is  but  imperfectly  known. 

Lead, — This  is  well  known  to  be  a  heavy,  soft,  and  readily  fusible 
metal,  which,  though  malleable  and  ductile,  is  deficient  in  tenacity. 
It  soon  becomes  oxidized  when  exposed  to  a  moist  atmosphere.  When 
heated  by  means  of  an  oxyhydrogen  blowpipe,  it  bums  with  a  bluish 
flame,     if  melted  and  kept  stirred,  so  as  to  promote  the  free  access  of 
air,  it  becomes  converted  into  the  protoxide,  a  yellow  powder,  used  as 
a  pigment  under  the  name  of  massicot ;  and  in  a  semi. vitrified  state 
it  constitutes  litharge.    The  brown  oxide  of  lead  exhibits  the  pheno- 
menon of  spontaneous  combustion,  when  it  is  triturated  with  sulphur. 
Lead  in  a  fiinely-divided  state,  if  thrown  into  chlorine  gas  moderately 
warmed,  burns  with  a  white  flame,  and  throws  off  sparks.    The  pro- 
duct of  this  operation  is  chloride  of  lead,  which  may  also  be  obtained 
by  decomposing  the  solution  of  lead  in  nitric  acid,  by  means  of  chlo- 
ride of  sodium  ^common  salt).    It  fusee  at  a  heat  below  redness,  and 
when  cooled  agam,  has  the  appearance  of  a  homy  substance,  whence 
it  w^as  formerly  named  horn  lead  (plumbum  eomeum) . 

Copper, — This  metal  being  used  for  many  domestic  purposes,  its 
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physical  properties  are  geueraUjr  known.  It  is  malleable  and  ductile 
beyond  most  other  metals,  except  gold,  silver,  platina,  and  iron ;  hence 
it  forms  fine  wire,  and  may  be  beaten  into  thin  leaves.  It  bums  bril- 
liantly when  heated  in  the  combined  flame  of  oxygen  and  hydrogen, 
giving  out  a  dazzling  green  light.  If  exposed  to  air  and  moistnre,  it 
tarnishes,  combining  with  oxygen  to  form  a  bluish-green  rust  {terugo). 
The  deutoxide  or  peroxide  of  copper  is  an  insipid,  black  powder. 
Leaves  or  filings  of  copper  take  fire,  and  bum  spontaneously  in  eblo- 
line  gas,  forming  the  chloride  of  copper,  a  yellowish,  slightly-trans- 
parent substance,  easily  fusible,  which  has  been  called  resin  of  copper. 
If  sulphur  and  filings  of  copper  be  heated  together,  a  sudden  and 
brilliant  combustion  takes  place,  even  when  the  process  is  conducted 
in  a  vacuum.* 

Bismuth.  —  This  is  a  light  reddish-coloured  metal,  of  a  lamellar 
structure,  moderately  hard,  and  destitute  of  malleability.  It  becomes 
tarnished  by  exposure  to  air ;  but  is  not  affected  by  water.  Its  fusi- 
bility has  been  already  noticed.  If  strongly  heated  in  the  air,  it  bums 
with  a  blue  flame,  forming  a  yellowish  oxide,  which  has  been  called 
flowers  of  bismuth.  This  substance,  like  the  oxide  of  lead,  is  fusible 
and  vitrifiable.  Finely- divided  bismuth  becomes  inflamed  when  gentlj 
heated  in  chlorine  gas,  forming  a  grey,  granular  compound. 

Mercury, ^Th\a  metal  is  distinguisbed  by  its  extraordinary  fusi- 
bUity,  so  Uiat  it  requires  a  temperature  39^  below  zero,  Fahrenheit,  to 
congeal  or  render  it  solid.  It  is  in  that  state  malleable  and  ductile, 
though  not  to  any  great  extent.  It  is  extremely  volatile,  subliming  in 
some  degree  at  low  temperatures ;  and  at  about  660®  it  boils  rapidly, 
and  may  thus  be  purified  by  distillation,  like  water.  When  heated  a 
little  beyond  the  boiling  point,  it  becomes  oxidated ;  and  if  the  oxide 
be  exposed  to  a  considerably  higher  temperature,  the  oxygen  is  drivec 
off,  and  the  metal  revived.t  The  chlorides  of  mercury  are  among  the 
most  important  preparations  of  this  metal  used  in  medicine.  The  first, 
commonly  called  calomel,  may  be  formed  by  exposing  the  metal  to 
chlorine  gas  at  common  temperatures ;  but  the  usual  mode  of  obtain- 
ing this  compound  is  by  decomposing  the  solution  of  mercury  in  nitric 
acid,  by  means  of  muriatic  acid  or  chloride  of  sodium  (common  saltV 
The  product  is  a  ponderous  white  powder,  which  when  exposed  u> 

*  See  p.  29.  t  See  p.  33. 


PLATIKA*  159 

heat  sublimes  unaltered.  The  perchloride  of  mercury  is  a  crystalline 
sabBtance,  which  may  be  procured  by  heating  the  metal  in  chlorine 
gas;  but  it  is  prepared  for  use  by  boiling  together  sulphate  of  mercunr 
and  common  salt.  It  is  well  known  as  a  powerful  poison.  The  bisuf- 
phuret  of  mercury,  which  occurs  as  a  native  mineral,  under  the  name 
of  cinnabar,  and  the  same  substance  artificially  produced,  affords  a  fine 
scarlet  colour  for  painting. 

Silver, — This  metal  requires  a  great  heat  to  melt  it ;  but  by  a  fierce 
and  long-continued  fire  it  may  be  volatilized.  It  does  not  tarnish  in 
the  air  from  absorption  of  oxygen ;  but,  when  sulphurous  vapours 
are  present,  its  surfiioe  becomes  tinged  with  purple  from  the  formation 
of  sulphuret  of  silver ;  and  the  same  effect  is  produced  when  a  silver 
spoon  is  dipped  in  the  yolk  of  an  egg,  which  contains  sulphur.  The 
oxide  of  silver  may  be  formed  by  exposing  the  metal  to  intense  heat, 
with  the  access  of  air ;  but  it  is  more  readily  obtained  by  decomposing 
the  nitrate  of  silver  with  lime-water,  when  it  constitutes  a  tasteless, 
olive-coloured  powder,  insoluble  in  water.  Chloride  of  silver  has  the 
same  homy  appearance  as  chloride  of  lead ;  and  it  is  therefore  called 
horn  silver  (^luna  cornea). 

Gold, — The  most  powerful  heat  of  our  furnaces  has  no  effect  on 
this  metal  beyond  that  of  fusing  it ;  but  it  may  be  made  to  undergo 
combustion,  aod  form  a  purple  oxide,  by  heating  it  with  the  flame  of 
an  oxyhydrogen  blowpipe,  or  by  means  of  electricity.  It  may  also  be 
oxidated  indirectly  by  solution  in  the  nitro-muriatic  acid  {aqua  regia), 
and  precipitation  by  caustic  potash  or  magnesia.  If  the  peroxide  of 
gold  be  dissolved  m  muriatic  acid,  and  ammonia  be  employed  to  pre* 
cipitate  it,  a  detonating  powder  (Aurum  Fuhninans)  will  be  obtained, 
which  explodes  when  rubbed  or  heated. 

Platina, — ^This  metal  in  a  state  of  purity  is  the  heaviest  body  hitherto 
discovered,  having  nearly  32  times  the  specific  gravity  of  water.    It 
is  BO  difficult  of  fusion,  that  it  can  only  be  prepared  for  use  by  a  com- 
plicated process.    But,  like  iron,  it  may  be  welded  by  hammering  the 
metal  when  intensely  heated ;  and  thus  vessels  and  ouer  utensils  may 
be  formed,  highly  valuable  for  the  purposes  of  art,  on  account  of  their 
relative  indestructibility.    Platina  may  be  oxidated  by  treating  it  with 
nitro-muriatic  acid  and  alkali,  as  in  the  case  of  gold,  or  by  heating  it 
with  nitre,  and  likewise  by  the  influence  of  electricity. 
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PatladiMm,  Rhodium,  Iridium,  snd  Oimium,  lie  melaU  which  hue 
besD  fouDd  in  oompsntiTely  small  quontitisi,  mixed  with  erode  pli- 
tina,  in  the  aute  in  wbieb  it  is  brought  from  abroad.  Pallndiniu  fbrm) 
ihud,  darable  il]o;with  gold,  which  hsabeea  nud  in  the  ctaiitnic- 
tiOD  of  mBthemBtJcai  iottnimeats :  aad  rhodium  baa  been  emptaywi 
fill  pointing  the  niba  of  pens.  Iridium  and  oaminm  do  not  appeal  to 
bare  been  applied  to  any  useful  purpose ;  nnr  do  the  compounds  of 
either  of  these  four  metaU  require  to  be  further  noticed. 

The  preceding  notices  of  the  elementary  bodies,  noa-Dwtallic  aDil 
metallic,  and  of  their  most  important  primsrj  compounds,  are  chielv 
intended  to  serve  as  en  introduction  to  the  study  of  the  subjects  dis- 
cuwed  in  the  ensuing  treatises.  There  are  eflveral  iotereatinE  topia 
of  chemical  science,  aa  the  formation  of  the  acida  and  alkalies  witli 
conposiCe  bases  ;  of  the  neutrsl  salts,  oils,  and  soaps ;  the  natare  of 
the  products  of  vinons,  acetous,  and  pntrefactiTe  feimentatioD ,  ud 
especially  of  alcobol  and  otbers ;  besides  vsrioQa  other  points,  which 
have  beni  very  slightly,  or  not  at  all  noticed,  aa  being  incompatiUp 
with  the  limited  extent  of  this  work.  For  (iirther  information  coo- 
csming  theae  and  other  subjects,  the  reader  may  be  referred  to  tbi 
Treatises  on  Chemiatry,  by  Thomaon,  Heniy,  Brands,  and  Tarner;  a 
to  the  more  eitenaiTe  woik  of  Benelius,  a  n-ench  translatioii  of  wkicb 
baa  been  recently  published. 
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LA  MBTALLUftGIB  PROPBBMBMT  DITB  KST  L*ABT  DB  PUMFIBB  I.K8  MlNSaAlB  V 
0*KN  OBTBNIB  LBS  MBTAUX  AO  DBOBBB  DB  PUBBTB  0U*BZIOBNT  LBS  DIFrULKlM 
ARTS.  L*ON  A  80UVBMT  BTBNDU  L*ACCBPTION  DB  CB  NOM  A  TOUTKB  LBS  OrBAA* 
T10N8  QUI  SB  PBATIQUBNT  BN  GRAND  SUB  LBS  MINBRAIS  POUB  BN  BBTIRMl  I>E» 
C0MBU8TIBI.BS,  DBS  SBLS,  ftC.}  MAIS  CBS  OPERATIONS  APABTIBMMBMT  A  U 
MINBRALLUBOIB.  I^  MBTALLUBOIB  EST  UNB  DBS  APPLICATIONS  LBS  PLUS  III* 
PORTAimS  DB  LA  CHIMIS;  C*B8T  DB  LA  DOCIMASIB  BIf  GRAND  S  MAIS  IL  T  i 
CBTTB  DIKFBRBNCB  NOTABLE  QUE  DANS  LA  DOCIMASIB  ON  NB  S* ATTACHE  QV't 
BIBN  CONNAITRB  LA  QUANTITB  DB  METAL  BT  LBS  CORPS  BTRANGBB8  QUI  COR* 
SnTUAIBNT  LB  MINBBAI  SANS  8*BMBARRA8SBB  PBS  PRAIS  U*0PBRilTION.  gUI«  0 
OBNBRAL,  RONT  PSU  CONBlDBRABLBS  A  CAUSE  DB  LA  PETITE  POBTION  OB  MATIKtt 
800MISE  A  L'ANALTSB  }  TANOIS  QU*BN  MBTALLURGIE  ON  A  BN  VDB  DB  COMNAm< 
BT  DB  RBTIRBR  LB  MBTAL,  FT  HURTOUT  D*OPBRBR  AVBC  LB  PLUS  I>*BCON01IU 
POSSIBLE. 

Mitallurgie  Pratique,  par  MM,  J}^***  et  L***,  Parit,  I827,  Jntrti. 


HETALLURGY. 


EtUnm,  in  il 

the  worluDg  of  metdi,*  utd  nwy  tbos  include  all  operatioiu  connected 
with  the  railing  of  meCsUic  ores  friMn  mines,  or  procuring  ihem  fi-om 
metsUilisrous  laadi;  those  employed  lor  sscertoioing  the  value  of  . 
minerals  whence  metela  aie  obtsined ;  tlie  multifarious  procasses  lela- 
liFe  to  the  extraction  of  the  tstioub  metsla  fnitu  Ibeii  reapecliTe  ores  ; 
and  tho  still  more  numetoos  processes  which  relate  to  mauitsctaies  of 
Jiardnare,  steel,  tin-piste,  brass,  bronxe.  gold  and  silrer  plate,  as  well 
as  of  ottier  metals  and  their  combinations.  But  Metallurgy  in  a  more 
restricted  aense,  is  Co  be  regarded  as  a  department  of  Chemiatry,  com- 
prieing;  the  desc'ription  and  rationale  of  those  chentieal  operations  by 

•  From  the  Greek  MsrnUoi'.  melal,  and  BpTOV,  mirk. 
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means  of  which  the  useful  metals  and  their  alloys  are  separated  from 
the  saline,  earthy,  or  stony  suhstances  in  conjunction  with  which  they 
are  presented  to  us  by  nature.  Under  this  point  of  yiew  the  subject 
will  be  treated  in  the  following  pages ;  but  some  preliminary  notices  of 
metallic  veins,  mines,  and  the  art  of  mining,  may  be  introduced,  as 
being  both  interesting  and  instructive,  tending  to  illustrate  the  proper- 
ties and  composition  of  those  substances  to  which  the  attention  of  the 
metallurgist  or  metallurgic  chemist  is  principally  directed.  Docimas- 
tics,  or  the  art  of  Assaying,  as  a  process  preceding  the  reduction  of 
met»ls,  will  also  demand  our  attention. 

MINERAL   DEPOSITS  AND    MINE.S. 

Nature  presents  metallic  substances  to  our  notice  scattered  on  the 
surface  or  inclosed  within  the  crust  of  the  terrestrial  globe,  either  in  t 
state  of  purity,  or  in  combination  with  various  other  bodies.     These 
combinations  are  properly  termed  mineralized  metals,  or  ores  ;  metals 
in  this  state  being  united  to  extraneous  matter,  which  alters  their  pro- 
perties in  such  a  manner,  that  their  real  nature  can  only  be  ascertained 
by  chemical  analysis.     Sometimes  two  or  more  metals  are  combined 
with  the  same  mineralizing  body ;  frequently  a  single  metal  is  united 
with  several  such  bodies,  and  yet  more  frequently,  in  mines,  are  found 
combinations  consisting  of  several  metals  and  various  mineralizing 
bodies  united  together.    A  few  only  of  the  metals  (almost  exclusivelj 
those  which  are  termed  precious  metals)  are  found  in  a  state  of  pari^ 
dispersed  through  the  soil  of  valleys,  or  mixed  with  the  sand  of  rivers. 
or  with  earthy  matter  deposited  by  mountain  torrents.      It  is  tfaua  that 
gold  and  platina,  and  especially  the  former,  frequently  occur  in  masses. 
often  minute,  sometimes  of  several  pounds  weight,  and  of  all  int«nike> 
diate  sizes,  in  alluvial  soil,  from  which  the  metal  is  separated   princi- 
.paUy  by  mechanical  means.     Both  metallic  ores  and  native  metals  ate 
occasionally  disseminated  in  grains  through  rocks,  and  when  they  ars 
thus  found  in  abundance,  the  whole  mass  of  the  rock  is  worked  as  a 
mine ;  but  this  is  comparatively  seldom  the  case.    Tinstone,   or  the 
oxide   of   tin,  is  sometimes  thus  dispersed  through  the  suVstaBc« 
of  granitic  rocks  in  Cornwall,  but  this  is  generally  Observed  in  the 
vicinity  of  veins  of  tin  ore.     This  metal  is  likewise  found  in  alluvial 
soil,  in  small  nodular  masses,  of  considerable  specific  gravity,  called 
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8tream-tin  from  the  manner  in  which  it  is  procured,  by  wanhing  the 
metalliferoas  sand. 

Mineral  deposits,  however,  more  usually  occur  in  subterraneous 
beds,  or  veins.  Metallic  ores  of  some  kinds  form  regular  strata,  or 
mineral  beiis,  in  secondary  rocks,  or  in  the  more  ancient  transition  and 
primary  ^roclos.  These  beds  are  in  general  horizontal,  but  they  are 
sometimes  observed  to  be  highly  inclined,  and  such  strata  have  been 
mistaken  for  veins.  The  ores  of  copper,  iron,  and  lead,  are  occasion- 
ally found  in  conjunction  in  beds  in  primitive  mountains,  sometimes 
having  gold  or  silver  intermixed  with  them.  Cobalt,  and  certain  ores 
of  mercury,  likewise  form  strata.  Iron  ore  is  frequently  found  in  beds 
of  great  thickness,  interposed  among  rocks  of  gneiss,  mica-slate,  and 
clay-slate.  Lead,  2sinc,  manganese,  and  iron  ores  also  occur  abund- 
antly in  strata  in  secondary  mountains.  When  a  bed  of  metallic  ore 
ejcpands  irregularly,  it  sometimes  forms  masses  of  such  magnitude  as 
to  resemble  small  mountains,  as  is  the  case  with  iron  ore  in  Sweden 
and  Norway.  Metallic  beds,  however,  are  generally  of  limited  extent, 
seldom  traversing  an  entire  mountain,  but  gradually  or  suddenly  ter- 
miiiating  in  a  thin  edge ;  in  the  language  of  the  miners,  a  stratum  of 
ore  is  said  to  wtdge  out,  Beds  of  minerals  are  not  of  frequent  occur- 
rence in  England,  most  of  the  g^reat  deposits  of  metallic  matter  in  this 
country  being  found  in  veins,  as  is  uniformly  the  case  in  the  great 
mining  district  of  Cornwall,  except  in  the  previously  noted  stream- 
works.  Mr.  Bakewell,  however,  alleges  that  beds  of  copper  pyrites 
have  been  wrought  in  transition  rocks  in  Cumberland,  and  that  the 
existence  of  mineral  beds  may  be  suspected  in  other  counties,  where 
tbey  are  often  confounded  with  veins  by  the  labouring  miners. 

lilineral  veins,  from  tbeir  relative  frequency,  constitute  the  most 
considerable  depositories  of  metallic  matter.  Such  veins  are  not,  as 
might  be  supposed  from  the  general  application  of  the  term,  tubes  filled 
with  metal  or  ore,  but  extended  plates,  or  laminae,  of  unequal  thick- 
ness ;  and  they  differ  most  essentially  from  beds,  in  that  they  do  not 
run  parallel  with  the  direction  of  other  -strata,  but  traverse  or  cross 
them  vertically,  or  at  various  degrees  of  inclination.  A  vein  may  be 
described  as  a  fissure  in  a  rock,  filled  with  various  substances.  Hum- 
boldt noticed  a  vein  of  calcareous  spar  140  feet  in  thickness,  tra- 
versing gneiss,  in  the  Alps  of  Switzerland ;  and  Professor  Jameson 
mentions  a  vein  of  porphyry  slate,  nearly  160  feet  wide,  occurring  in 
•andtCone,  in  the  Ide  or  Arran;  and  veins  of  pitchstone  and  green- 
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Stone,  r&iying  in  width  from  ten  to  one  hundred  feet.  Bat  these  do 
not  appear  to  have  been  of  the  nature  of  metalliferous  veins,  which  are 
commonly  much  narrower ;  yet  it  is  said,  that  in  the  silTor-mines  of 
Pasco,  in  Peru,  there  is  a  vein  of  brown  ironstone,  containing  silver, 
which  is  1300  yards  in  width. 

When  metallic  ores  are  worked  in  beds,  or  in  veins  of  cansiderable 
thickness,  that  part  of  the  rock  which  covers  the  ore  is  called' the  roof, 
and  that  which  supports  it  the  floor.    These  terms,  however,  are  prin- 
cipally applicable  to  mines  worked  in  an  horissontal  direction.     The 
metalliferous  veins  of  Cornwall  which  are  of  most  importance,  namely, 
those  producing  tin  and  copper,  extend  nearly  in  the  direction  of  east 
and  west,  with  little  variation.     Though  there  are  other  veins*  eith« 
destitute  of  metallic  matter,   or  else    containing   lead  and   silver, 
which  chiefly  run  north  and  south.    The  veins  of  Cornwall  scaredy 
ever  descend  vertically,  or  exactly  at  right  angles  with  the  horiion,  but 
almost  always  dip  from  the  line  of  descent ;  and  this  deviation  from 
the  perpendicular  is  called  by  miners  the  hading  of  the  vein  ;  thus  a 
vein  may  be  said  to  hade  or  dip  to  the  north  or  south.     Metidliieroos 
veins  in  general  seem  to  observe  no  great  uniformity  of  directiaB, 
some  descending  almost  perpendicularly,  and  others  very  obliquely,  in 
such  a  manner  that  in  a  single  hill  instances  maybe  observed  in  which 
veins  of  difierent  descriptions  dip  or  underlie  in  almost  all  directions, txa- 
versing  each  other  in  such  a  manner  as  to  defy  the  calcnlations  of  th* 
miner.    The  head  of  a  vein  sometimes  rises  to  the  surface  of  the  aoil. 
and  may  thus  be  discovered ;  and  its  existence  is  occasionally  betrayiMi 
by  a  certain  ochraceous  or  rust-like  appearance,  which  may  be  ob- 
served above  its  site,  but  this  is  not  very  common.    To  what  depth 
metallic  veins  may  descend,  has  never  been  ascertained,  for  no  inatsace 
has  yet  occurred  of  the  termination  of  a  vein  being  reached,  though  some- 
times veins  are  found  to  become  so  thin  and  unproductive,  as  not  to  repv 
the  labour  of  working  deeper;  but  more  frequently  the  progress  of  tbp 
miner  is  stopped  by  water  or  other  obstacles,    some  of  the  Coniiih 
mines  are  said  to  be  nearly  500  yards  in  depth  from  the  surface*  as  th^ 
copper  and  tin  mine  of  Dolcoath,  which  is  456  yards  deep  ;  and  tha* 
are  several  the  depth  of  which  is  from  300  to  400  jrards.      TThe  ss^ 
vein  sometimes  contains  difierent  ores  at  different  depths :  thus  th» 
ores  of  iron,  copper,  cobalt,  and  silver,  are  found  successively  in  aomt 
of  the  mines  in  Saxony ;  and  in  France  there  are  mines  containing  iroa 
ore,  below  that  silver  ore,  and  in  the  lowest  part  copper  «»••    is 
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Cornwall  sulphuret  of  sino,  or  blende,  is  fonnd  abundantly  in  the 
upper  part  of  veins,  which  lower  down  are  rich  in  copper,  and  some- 
times tin  in  the  same  manner  occurs  in  the  superior  part  of  a  copper 
▼ein.  The  thickness  of  reins,  as  already  observed,  is  extremely 
variable,  the  same  vein  may  be  in  some  parts  but  a  few  inches  wide, 
and  in  others  extend  to  the  thickness  of  many  feet,  or  even  yards.  The 
vein  at  Dolooath  mine  varies  from  two  feet  to  forty;  and  in  some 
places  is  contracted  to  about  six  inches.  The  veins,  independent  of  their 
extent  may  be  characterized  as  rich  or  poor.  In  a  Cornish  mine 
called  Whealan  Cotes,  was  found  a  vein  of  tin  ore  but  three  inches 
wide,  yet  so  rich  as  to  be  worth  working.  Some  of  the  veins  contain- 
ing copper,  in  Herland  mine,  did  not  exceed  six  inches  in  width,  and 
after  dius  continuing  for  a  few  fathoms,  they  passed  away  east  and 
west  into  mere  strings,  or  rather  laminie,  scarcely  thicker  than  paper ; 
but  these  veins  yielded  ore  of  a  rich  quality.  The  thin  veins  or 
threads  of  metallic  matter  which  sometimes  occur  in  working  mines 
may  be  worth  pursuing,  independent  of  tbeir  product  of  metal,  as 
they  may  lead  to  veins  of  much  greater  thickness,  or  to  bunches,  or 
large  masses  of  metal. 

Veins  are  by  no  means  entirely  filled  with  metalliferous  matter, 
which  in  fact  occupies  comparatively  but  a  small  space,  the  veins 
including  minerals  of  different  descriptions.  The  non-metalliferous 
parts  of  a  vein,  of  whatever  nature  they  may  be,  are  usually  termed 
by  the  miner  dtads,  as  being  unproductive  and  useless.  Large  empty 
spaces  occasionally  occur  in  veins,  but  this  is  not  often  the  ease  in  the 
mines  of  Cornwall.  Water  is  found  in  large  quantities  in  mines, 
especially  those  which  are  rich  in  tin  or  copper.  The  sides  of  me- 
talliferous veins  are  usually  very  determinate,  being  covered  by  a  hard, 
dark-coloured  incrastation,  called  by  the  miner  the  walls  of  the  vein  : 
and  there  likewise  commonly  runs  down  every  vein  a  small  seam  of 
whitish  clayey  matter,  sometimes  adhering  to  one  side  of  the  vein, 
and  sometimes  to  the  other.  The  same  substance  which  constitutes 
the  incrustation  of  the  veins,  is  also  oflen  intermixed  with  the  ore, 
forming  with  it  alternating  layers,  and  with  other  substances  com- 

Swing  what  is  called  the  matrix,  gangue,  or  veinstone  of  the  mineral, 
liferent  metals  are  accompanied  by  different  kinds  of  gangue,  the 
nature  of  which  may  enable  the  miner  to  form  a  judgment  as  to  the 
probabie  value  of  the  vain*  Among  the  substances  thus  found  may  be 
jnentkiied  quarts,  ealcanous  spar,  ioor  spar,  called  in  Dert>ydiife 
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blue  jofaa,  and  sulphate  of  baryte*,  also  oalled  wnk ;  bdaidea  which, 
the  orea  of  one  metal  are  thua  accompanied  by  thoae  of  another,  and 
frequently  by  pyrites  (sulpburet  of  iron). 

It  baa  been  already  stated  tbat  in  Cornwall  tin  and  copper  mines 
uniformly  run  in  the  direction  of  east  and  west*  and  that  other  yeins 
extending  north  and  south  scarcely  ever  contain  i^.  trace  of  either  of 
those  metals,  being  non^metalliferous,  or  else  affording  the  orea  of 
silver,  lead,  cobalt,  or  iron,  or  occaai(mally  antimony.    These  north 
and  south  veins  are  most  commonly  filled  by  quai^,  by  a  whitish  or 
bluish  argillaceous  substance,  or  by  a  kind  of  ochre*  and  aometimeabj 
all  three.     When  such, a  vein  meets  vrith  another  containing  tin  or 
copper,  it  passes  through  the  tin  or  copper  vein  without  interruptifMi, 
while  the  latter  becomes  aplit,  or  frittered  into  numerous  small  branches, 
and  sometimes  its  contents  seem  to  be  dissipated,  so  that  the  miner 
loses  all  traces  of  the  vein,  or  ohly  recovers  it  after  a  tedious  search  at 
the  distance  of  perhaps  between  400  and  500  feet.     North  and  south 
veins  differ  greatly  in  breadth,  but  whatever  be  their  dimensions,  they 
always  divide  the  tin  or  copper  veins  "which  they  encounter,   and 
generally  alter  the  direction  of  the  latter,  or,  in  the  language  of  the 
miner,  heave  them  out  of  their  course. 

The  manner  in  which  metalliferous  veins  are  sometinies  inter- 
rupted by  others,  may  be  illustrated  by  the  following  section  of  the 
mine  of  Tincroft,  in  Cornwall : 

^v  A  B  represents 

the  surface  of  tii« 
mine,  with  a  Teia 
running  fron 
north  to  sooth, 
and  crOBsed  by  tia 
and  copper  vmbs 
from  esBt  to  west 
The  reins,  C.D.£. 
are  veins  of  oop* 
per,  F,  G,  H. 
veins  of  tin,  aaii 
If  a  vein  yieldiss 
both  tin  and  cop* 

ror.     Two  of  tht 
west,  are  inter- 


';>per, 
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sected  by  the  non-metallifefouB  north  and  south  Teins,  by  which  they 
are  heaved  out  of  their  regular  course  towards  the  south.  It  may  also 
be  perceived  that  one  of  the  tin  veins,  F,  is  intersected  by  two  of  the 
copper  veinSi  C  and  D,  which  pass  through  it  without  affecting  its 
direction. 

The  manner  in  which  copper  veins  intersect  those  of  tin,  always 
passing  through  them,  and  generally  heaving  tliem  from  their  course, 
may  be  understood  from  the  following  section  of  the  Pink  mine. 

A  B  may  be  sup- 
posed to  represent 
the  surface,  along 
which  runs  a  vein 
from  north  to 
south,  intersecting 

metalliferous 
veins  passing  from 
east  to  west.  The 
veins  C,  D,  E,  are 
copper  veins,  and 
F  a  vein  of  tin  j 
and  here  it  will  be 
seen  how  three  of 
these  veins  have 
their  western  sides  heaved  towards  the  north,  by  the  non-metalliferous 
vein  passing  through  them.  The  tin  vein  running  near  the  southern 
extremity  of  the  mine  underlies  greatly  towards  the  north,  while  the 
copper  veins,  on  the  contrary,  underlie  towards  the  south.  One  of 
the  latter  veins,  C,  meeting  the  tin  vein,  F,  in  its  course,  interrupted 
it,  and  heaved  that  part  of  it  northward  of  the  point  of  intersection 
twenty-four  fathoms  nearer  to  the  surface,  and  the  same  tin  vein  was 
interrupted  by  another  copper  vein,  D,  and  heaved  about  ten  fathoms 
towards  the  surface;  a  third  time  it  was  cut  through  by  another  copper 
vein ,  £,  not  shown  on  the  surface,  and  again  heaved  somewhat  out  of 
its  course. 

Sometimes  one  vein  crosses  another  without  causing  any  change  of 
4lirection,  and  if  both  have  nearly  the  same  inclination,  they  are 
usually  richer  near  their  junction.  Where  two  veins  in  the  same  dis- 
trict have  the  same  direction,  or  run  parallel,  it  has  been  observed  that 
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milu,  but  where  they  mn  io  contrirj  dii«etioat. 

-■—^•--       Molina,  in  his  History  of  Cbili,  p  — 
It  Uspalats,  in  the  AndBS,  which  is 


ir  coatents  are  diuimiitu'.      Moliaa,  in  his  History  of  Chili,  gim 
■       ■ ,  in  the  AndBS, 


feel  in  thickness  thraug;haut  '  ,. 

miles;  and  it  has  smsllei  reins  branching  off  on  either  side,  and  pane- 
tiatiug  the  adjacent  maiiatains  to  the  distance  of  tbicU'  milea.  It  bx 
been  conjectured  thst  tbi«  rein  reacbea  300  miles.  In  Northnmbec- 
land  and  Duiham  cron  courses  bare  been  fbnnd  to  Bontaia  ore  neai  j 
their  junction  with  itrong  reins  In  Coniwall,  at  Botallac  min«,  near 
the  Land  a  End  a  cross  course  runnia?  north  and  sooth,  is  eniicbed 
by  the  juQction  of  east  reias,  which  hare  been  oHnparecl  to  small  1 
nrnlets  opening  into  a  nvec  The  emss  course  is  rich  in  ore  to  tbt 
extent  of  tweutr  or  thirty  fathoms  on  either  aide  of  its  junetion  with  a 
rem,  hut  no  reins  are  found  branching 

^  from  the  west  aide  of  tbe  croas  course. 

i  The  rein  contains  gre^  copper  ore  of 

-I  a  fins  quality.     SometimM  ■  rein  COB- 

'  \      t  tama  tin  ore  in  the  centre,  anmiaDdMl 

■        .  laterally  by  copper  ore,  ai  repraBentnl 

\   f-  in  the  marginal  figure. 

ft  In  this  vertical  sectioii  of  a  put  of 

/  •  the  vein    T  denotes  the  central  poitiuii. 

consisting  of  tin,  and  C,  C,  the  coppw 
ore  on  each  aide  of  it.* 

The  different  metals  are  found  raspectiTelr  in  different  parts  of 
the  woitd,  in  isrious  situations,  and  associated  with  peonlur  kinds  ef 
rocks,  stones,  sand,  or  alluvial  soil. 

GM    is  found   in   America,   in   Mexico,   N.   Carolina,    Bisal, 
New    Grsnsda,    Chili,    Fern,    and    Ruenos   Ayre* ;     in     AfrM,    io 
Kordofan,   Bsmbouk,  and  on  tbe  eastern  coast  opposite  the    islawl    j 
of    Mada^acar,    and    especially    in    Sotala,    sapposed    to      be    tbr    | 
country  of  Ophir,  mentioned  by  the  Jewish  writers;    in   Aaia.  is 
Thibet,  Japan,  Formosa,  Ceylon,  Jara,  Sumatra,  Borneo,  the  Pb-  | 
lippines,  and  odier  islands  of  the  Indian  Archipelago,  in  Siberia, 
in  the   Urat   and   Altai  Mountains,  between   tbe   rirera    Obi  and   | 
Irtiach ;   in   Europe,  in  Hnngsry,  Transjlrania,  the  oonntry   nxa' 

*  Bakewell'i  Introd.  to  GeoloffTi  *^  ad.  p.  W> 
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SalsbuTg}  and  the  Hartz  Mountains,  in  Piedmont,  in  Spain,  chiefly  in 
the  Astarias,  and  the  Pyrenees,  in  France,  in  rivers  occasionally  in 
small  quantities,  and  formerly  in  Thrace,  Macedonia,  and  some  of  the 
Greek  islands.  Gold  occurs  in  primary  and  transition  rocks,  in  por> 
phyry  and  syenite,  and  in  the  lowest  sandstone ;  it  has  been  occasion- 
ally found  in  coal,  and  sometimes  in  volcanic  rocks,  and  most  abund- 
antly in  the  sands  of  rivers,  or  in  that  mixture  of  alluvial  matter 
called  cascalhao,  consisting  of  pebbles,  gravel,  and  minute  particles  of 
siliceous  and  argillaceous  earths,  and  oxide  of  iron.  It  is  usually  in 
the  state  of  grains,  minute  scales,  or  pellets  of  various  sizes,  and  it  is 
thus  collected  by  the  African  neg^es,  and  brought  for  sale  in  ostrich 
and  vulture  quills.  Sometimes  it  is  met  with  in  large  masses ;  in  1730, 
a  block  was  discovered  in  Peru,  weighing  forty-five  pounds ;  and  about 
1810,  gold  was  obtained  from  several  rivers  in  North  Carolina,  one 
mass  weighing  twenty-eight  pounds.  This  metal  is  sometimes  dis- 
iseminated  in  threads  or  in  laminae  alloyed  with  tellurium  and  silver,  and 
it  is  likewise  mixed  with  the  sulphurets  of  iron,  of  silver,  of  copper* 
of  arsenic,  of  mercury,  and  other  metals. 

Platina  was  first  discovered  in  the  provinces  of  Choco  and  Bogota-, 
in  South  America,  and  it  has  since  been  found  in  the  province  of  fiar- 
bacoas,  near  the  shores  of  the  South  Sea ;  in  Brazil,  in  the  island  of  St. 
Domingo,  in  North  America,  in  very  minute  quantities  in  ores  of 
argentiferous  grey  copper  at  Guadalcanal  and  Casalla,  in  Spain ;  and 
recently  in  greater  abundance  on  the  western  or  European  side  of  the 
Ural  mountains,  in  the  territories  of  Russia.  It  occurs  generally  in 
the  sands  of  rivers,  intermixed  with  palladium,  rhodium,  osmium* 
iridium,  and  other  metals. 

Silver  is  found  in  America,  in  Mexico,  Peru,  ChUi,  and  Buenos 
Ayres ;  in  Asia,  in  China,  Thibet,  and  Siberia ;  in  Europe,  in  Norway. 
Sweden,  Hungary,  Saxony,  Transylvania,  Moravia,  Austria,  Bohemia, 
the  Tyrol,  Hanover,  Brunswick,  Prussia,  the  Netherlands,  France, 
Savoy,  and  Great  Britsin  ;  but  in  the  latter  only  as  a  subordinate  pro- 
duct of  lead  or  copper  ores.  It  occurs  principally  in  veins  in  primi* 
"^ve  rocks,  and  in  some  transition  and  secondary  rocks. 

Lsttd  is  found  in  America,  in  Mexico,  Brazil,  and  tibe  North  Ame- 
rican United  States.  Louisiana,  and  Virginia;  in  the  Russian  empire 
in  the  environs  of  Nertschinsk  on  the  frontiers  of  Chinese  Tartary, 
and  in  Armenia  $  in  Europe,  in  France,  $avoy»  the  Netherlanda,  the 
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Fruflsian  States,  the  Hartz  Moantains,  in  Saxony ;  in  the  Austrian  dd- 
nuuions,  and  other  parts  of  Germany ;  in  England,  especially  in  Der- 
byshire and  Lancashire;  in  Scotland,  in  Ireland,  and  in  Spain. 
Galena,  which  is  the  most  coioamon  ore  of  lead,  occurs  in  primitive  as 
well  as  secondary  rocks,  and  in  this  country  the  richest  mines  are  in 
slate  and  limestone.  Lead  ores  are  found  generally  in  the  older 
rooks,  except  trapp  and  serpentine ;  in  porphyry  and  syenite,  in  the 
lowest  sandstone,  and  occasionally  in  strata  of  coal. 

Copper  is  found  in  Europe,  in  France,  Germany,  Transylvania, 
Silesia,  Sweden,  Norway,  Great  Britain,  Ireland,  and  Spain  ;  in  Asia, 
in  Siberia,  Kamtschatka,  Japan,  China,  Persia,  Arabia,  and  the  Indian 
Islands  ;  in  Africa,  in  Barbary,  Morocco,  Abyssinia,  in  the  mountains 
north  of  the  Cape  of  Good  Hope,  and  in  the  Namaqua  couatry  ;  in 
America,  in  Mexico,  Chili,  and  Brazil,  in  which  last  country  a  mass 
was  discoyered  weighing  ^666  Portuguese  pounds.  It  occurs  in  pri- 
mitiye  and  transition  rocks,  porphyry,  syenite,  and  sometimes  in 
sandstone,  in  coal  strata,  and  alluvial  soil. 

Tin  is  found  in  England  more  abundantly  than  in  most  other  coun- 
tries, mines  or  tin-works  of  some  kind  having  existed  in  Britain  before 
it  was  known  to  the  Romans,  and  it  was  imported  from  this  island  by 
the  mariners  of  Phenicia  and  Carthage.  The  other  parts  of  Europe 
in  which  it  principally  occurs,  are  Saxony,  Bohemia,  and  France  ;  the 
quantity  found  in  Spain  and  Portugal  is  inconsiderable.  In  Asia  it  is 
round  in  China,  Siam,  Pegu,  in  Sumatra,  Ceylon,  Banca,  and  other 
islands ;  and  in  America,  in  Mexico,  and  Buenos  Ayres.  It  is  considered 
as  one  of  the  most  ancient  of  metals,  having  been  discovered  only  in 
primitive  rocks,  as  granite,  gneiss,  mica-slate,  and  clay-slate,  or  dis- 
seminated in  soils  formed  from  the  decomposition  of  such  rocks. 

Mercury  is  found  in  Europe,  in  France,  Bavaria,  the  Austrian  do- 
minions, and  Spain,  and  in  Italy  and  Sicily,  but  in  comparativelT 
small  quantities  ;  in  Asia  the  most  productive  mines  are  in  China  and 
Japan ;  and  in  America,  in  Mexico  and  Peru,  especially  that  of  Guao- 
cavelica.  Mercury  ditfers  from  the  metal  just  noticed,  occurring  but 
rarely  aud  in  small  quantities,  in  primitive  countries,  the  principal  de- 

S»sits  being  found  in  bituminous  slate,  shell-limestone,  and  breccias, 
olomieu  discovered  it  among  the  products  of  volcanoes,  donbtles 
sublimed  by  subterranean  fires. 

Iron  is  the  most  abundant  of  metals  in  every  part  of  the  worid,  and 
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is  found  in  Europe,  in  England,  Scotland,  in  Ireland  more  rarely,  in 
France,  Sweden,  Norway,  the  Austrian  Empire,  in  the  aouthem  part 
of  Russia,  in  Bavaria,  Prussia,  Saxony,  Hesse,  the  Netherlands, 
Switzerland,  Savoy,  Piedmont,  Naples,*  Sardinia,  Elba,  Spain,  and 
Portugal ;  in  Asia,  in  Siberia,  Armenia,  Natolia,  Persia,  Arabia, 
Tartary,  Indostan,  and  China  ;  in  Africa,  in  Morocco,  and  in  Congo; 
and  in  America,  abundantly  in  several  of  the  United  States,  in  Mexico, 
and  Brazil.  This  metal  is  so  generally  diffused  throughout  the  mineral 
kingdom,  that,  as  Mr.  Brande  observes,  "  there  are  comparatively  few 
fossils  which  can  be  said  to  be  perfectly  free  from  it/'  There  is  no 
kind  of  rock  or  formation — primitive,  transition,  secondary,  alluvial, 
or  volcanic,  in  which  it  does  not  make  its  appearance ;  and  its  saline 
combinations,  being  dissolved  in  subterraneous  waters,  form  chalybeate 
springs. 

The  principal  mines  of  Antimony ,  in  Europe,  are  those  of  Scot- 
land, Hungary,  Bohemia,  Saxony,  France,  Spain,  Transylvania,  and 
at  Neuwied,  below  Coblentz,  on  the  right  bank  of  the  Rhine ;  and 
in  America,  in  Mexico,  and  Brazil.  It  occurs  in  primitive  and  tran« 
sition  rocks,  exclusive  of  trapp  and  serpentine ;  and  likewise  in  por- 
phyry and  syenite. 

Biitnuth  IS  obtained  in  England,  France,  Germany,  and  Sweden ;  in 
Siberia,  and  in  Brazil ;  chiefly  from  mines  of  other  metals.  It  appears 
to  belong  exclusively  to  primitive  countries. 

Ziric  is  found  in  Belgium,  in  the  territory  of  Limburg,  in  Prus- 
sia, Austria,  France,  Spain,  and  England ;  in  Siberia,  where  the  mines 
are  not  worked ;  and  in  An^erica.  It  occurs  in  primitive,  transition, 
and  secondary  rocks,  calcareous,  argillaceous,  and  siliceous. 

Cobalt  is  found  in  Saxony,  Austria,  Prussia,  Hesse,  and  other  parts 
of  Germany,  Norway,  and  Sweden  ;  likewise  in  France  and  Spain,  but 
the  mines  are  not  worked.  It  occurs  in  primitive  mountains,  except 
those  of  limestone,  trapp,  and  serpentine ;  and  likewise  in  transition 
mountains,  and  in  sandstone. 

Nickel  is  found  in  France,  Spain,  Bohemia,  and  in  England  more 
rarely  ;  likewise  in  Siberia :  and  it  is  a  general,  if  not  a  constant  com. 
ponent  part  of  aerolites.    This  metal,  which  is  one  of  the  least  abund- 

«  Oxidnlated  iron  is  said  to  have  been  collected  on  Uie  sea-shore,  near 
Fuezuoli. 
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•nt>  is  usnally  met  with  in  the  same  sittiatioiiswiA  cobah  ud  vmnic, 
accompanymg  the  ores  of  those  metalUc  bodies. 

Manganese  is  among  the  products  of  the  mines  of  England,  Scotland^ 
France,  Hungary,  Transylvania,  Saxony,  and  Bohemia.  It  is  found 
in  primitive  and  transition  mountains,  and  sometimes  in  the  lower 

stratified  rocks.  . 

Chrome  occurs  in  France,  Norway,  the  Tyrol,  and  at  Ekstherme- 
berg,  in  the  Ural  Mountains.    It  is  generally  embedded  in  gneiss  or 

mica  slate.  ■.  ,r.  ^ 

Arsenic  is  found  in  Saxony,  Silesia,  Baden,  Hungary,  and  fransyU 
vania ;  and  in  England,  in  Cornwall ;  in  Siberia,  in  Armenia,  on  the 
right  bank  of  the  Euphrates,  and  elsewhere ;  in  the  tin-mine  of  Kianfu, 
in  China ;  and  in  Mexico.  It  occurs  in  primitive  and  transition  moun- 
tains, and  in  porphyry.* 

The  other  metals  have  scarcely  yet  been  applied  to  any  purposes  of 
utility ',  and  most  of  them  are  of  rare  occurrence. 

ART  OF  MINING. 

The  working  of  mines  for  the  purpose  of  extracting  metallic  ores, 
may  be  supposed,  like  several  other  useful  arts,  to  have  originated 
from  accidental  circumstances.  It  has  been  already  stated,  that  some 
metals,  and  especially  gold  and  silver,  have  been  occasidnally  found 
on  the  surface  of  the  earth,  or  at  an  inconsiderable  depth  beneatb  it; 
and  hence  it  may  not  unreasonably  be  presumed,  mankind  first  became 
acquainted  with  the  treasures  of  the  mmerdl  kingdom  of  nature.  But 
though  accident  might  have  led  to  the  discovery  of  the  precious  metals, 
which  always  occur  in  a  state  of  purity,  or  else  mechanically  mixed 
with  other  substances,  that  is  by  no  means  the  case  with  metals  in 
general,  by  far  the  greater  number  being  obtained  in  the  fama  of 
ores,  consisting  of  sulphurete,  oxides,  chlorides,  or  metallic  salts. 
constituting  chemical  compounds,  often  presenting  to  the^  inexpe- 
rienced eye  no  traces  whatever  of  the  usual  characteristics  of  a 
metallic  body.     If,  therefore,  such  had  been  commonly  dispersed 

*  Nouv.  Diet.  d*Hist.  Nator.  appliqu^e  aux  Arts,  &c.  Paris,  torn.  xxi. 
1818:  Art.  MiNB }  BakoweU*8  Introd.  to  Geology,  chap.  xix. ;  and  M^taUarsic 
Pratique,  formant  partie  de  la  Blblioth^ue  Industrielle.    Paris,  1897. 
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on  the  superficies  of  the  terrestrial  gflohe,  they  might  for  ages- 
have  passed  unnoticed  or  unappropriated,  till  their  real  nature  and 
composition  had  been  deyeloped  by  some  fortunate  accident,  or  aseer' 
tained  by  the  slow  process  of  observation  and  experiment.  Some  have 
ascribed  the  discovery  of  the  nature  of  metallic  ores,  and  of  the 
method  of  reducing  them,  to  the  conflagration  of  forests  on  the  sides  of 
metalliferous  mountains.  Bishop  Watson  says,  "  The  most  obvious 
method  of  clearing  a  country  of  its  wood  is  setting  it  on  fire ;  now  m 
most  mineral  countries  there  are  veins  of  metallic  ores,  which  lie  con- 
tiguous to  the  surface  of  the  earth,  and  these  having  been  fused  whilst 
the  woods  growing  over  them  were  on  fire,  probably  suggested  to* 
many  nations  the  first  idea  of  smelting  ores : 


'  Powerful  gold  first  raised  his  head. 


And  brass  and  silver,  and  ignoUe  lead : 
When  shady  woods  on  lofty  mountains  grown. 
Felt  scorchhig  fires;  whether  from  thunder  thrown, 
Or  else  by  man's  design  the  flames  arose — 
Whatever  'twas  that  gave  these  fiames  their  birth. 
Which  burnt  the  tow'ring  trees  and  scorched  the  earth ; 
Hot  streams  of  silver,  goi(^  and  lead,  and  brass. 
As  nature  gave  a  hollow,  proper  place. 
Descended  down  and  formed  a  glitfring  mass.' 

**  There  is  no  natural  absurdity  in  this  notion  of  the  poet ;  and  in« 
deed  it  is  confirmed  by  the  tes^mony  of  various  ancient  historiansr 
who  speak  of  silver  ana  other  metals  being  melted  out  of  the  earth 
during  the  burning  of  the  woods  upon  the  Alps  and  the  Pyrenees.  A 
similar  circumstance  is  said  to  have  happened  in  Croatia,  in  the  year 
1762 :  a  laree  mass  of  mixed  metal,  composed  of  copper,  iron,  tin^ 
and  silver,  having  been  fluxed  during  the  conflagration  of  a  wood 
which  was  accidentally  set  on  fire."* 

The  discovery  of  the  existence  of  veins  of  metallic  ores  within  the 
bowels  of  the  earth,  whether  it  originated  solely  from  researches  un- 
dertaken in  consequence  of  such  fortuitous  circumstances  as  those  here 
specified,  or  from  some  other  causes,  must  have  led  to  some  of  the 
simpler  processes  of  mining ;  and  the  art  must  have  been  improved 
and  extended,  like  other  arts,  by  the  invention  of  methods  for  over-* 

*  Chemical  Essays,  vol.  v. 
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coming  occasional  obstacles*  and  throogh  the  necessity  that  firom  time 
to  time  occurred  of  making  experimental  researches.  In  the  prosecu- 
tion of  such  undertakings  the  miner  must  frequently  be  guided  by 
appearances,  on  which  he  may  perhaps  be  induced  to  rely,  without 
being  at  all  able  to  trace  their  connexion  with  the  objects  of  which  he 
is  in  quest.  "  Thus  a  green,  earthy  matter  is  a  good  symptom  in  a 
tin-mine ;  a  brown,  ocbry  earth,  and  compact  iron  pyrites,  are  r(^;arded 
88  favourable  omens  in  a  copper-mine.  Detached  pebbles  of  ore,  or 
fragments  of  veinstones,  have  sometimes  led  to  the  riches  of  the  vein ; 
and  tin  has  especially  been  thus  discovered  in  Cornwall.  The  miners, 
though  a  shrewd  class  of  people,  are  often  preyed  upon  by  the  most 
vulgar  superstition,  and  many  ancient  absurdities  are  still  retained  and 
cherished  in  their  art.  The  divining-rod  and  other  oracles  are  yet 
consulted ;  genii  are  said  to  preside  over  the  mines ;  and  he  who  inad- 
vertently whistles  when  below  ground,  breaks  the  spirits  of  his  com- 
panions for  the  day,  though  freely  permitted  to  indulge  his  musical 
disposition  in  the  form  of  a  song. 

"  In  older  mineralogical  works,  we  read  much  upon  these  and  other 
subjects.  Flames  of  light  have  been  described  as  playing  over  a  dis- 
trict which  afterwards  has  been  found  to  contain  subterranean  riches : 
and  this  may  have  arisen  from  the  good  electrical  conducting  powers 
of  the  vein.  The  waters  issuing  from  the  soil  sometimes  hold  metallic 
salts  in  solution,  and  repositories  of  metals  have  been  discovered  by 
circumstances  of  this  kind.  Copper  veins  tinge  waters  blue,  and  a 
piece  of  grease  put  into  them  becomes  rapidly  stained  of  that  colour. 
There  is  no  popular  notion  more  common  than  that  metals  grow  in 
the  veins ;  an  idea  which  may  very  probably  have  originated  from  ob- 
serving the  depositions  of  one  metal  by  tbe  introduction  of  another 
into  its  solution,  as  when  silver  is  precipitated  by  the  introduction  of 
a  plate  of  copper  into  its  solution,  or  copper  by  iron. 
-  "  Districts  rich  in  metals  are  generally  barren,  and  seem  pecnllarlv 
dreary  and  desolate  to  the  traveller.  This  partly  arises  from  the  nature 
of  the  strata,  and  partly  from  the  heaps  of  rubbish  and  hills  of  atone 
thrown  upon  the  surface,  and  partly  from  the  operations  carrying  on  in 
the  vicinity  being  inimical  to  vegetation.  The  high  road  throu^ 
Cornwall,  especially  near  Redruth,  is  an  excellent  specimen  of  this 
kind  of  country ;  while,  at  the  same  time,  the  romantic  beauty  and 
luxuriant  vegetation  of  many  parts  of  that  county  and  of  Devonahiie, 
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prove  that  exterior  cultivation  is  not  always  incompatible  with  internal 
riches.  The  neighboarbood  of  the  Parjs  mountain,  in  Anglesea,  is 
singularly  marked  by  sterility  and  gloominess.  The  soil,  naturaUy 
unproductive,  is  rendered  more  so  by  the  poisonous  waters  that  tra« 
verse  it,  and  by  the  sulphurous  vapours  that  float  around.  There  are 
not  only  no  shrubs  and  trees,  but  the  barrenness  is  unrelieved  even 
by  a  single  blade  of  grass,  or  the  rusty  green  of  a  hardy  lichen."* 

The  construction  of  works  in  mines  must  vary  according  to  circum- 
stances, as  the  forms  of  hills,  the  position  of  ores  in  beds  or  veins,  and 
the  obstacles  to  be  encountered  in  excavating  them.  Sometimes  mines 
are  formed  by  driving  a  level  from  the  mountain  to  reach  the  vein, 
the  contents  of  which  may  be  removed  through  this  lateral  opening ; 
in  which  case  shafts  are  only  required  for  ventilation.  This  seems  to 
be  among  the  simplest  modes  of  operation ;  and  another  is,  following 
the  ore  from  its  outlet  at  the  surface  as  far  as  circumstances  will  allow. 
When  regular  metallic  veins  are  found  in  primitive  rocks  they  are 
sometimes  worked  tu  great  depths,  by  more  varied  and  extensive  ope- 
rations, being  occasionally  carried  below  tbe  level  of  the  sea.  In 
such  cases  perpendicular  shafts  are  formed,  by  means  of  which  the 
accumulating  water  is  drained  bjf  machinery ;  and  these  shafts  com- 
municate with  levels  driven  upon  the  lode  or  vein  at  various  depths. 

The  art  of  mining  comprises  a  variety  of  processes,  essential  or 
accessary,  the  most  important  of  which  are  included  in  the  following 
enumeration:  1.  Works  of  research,  undertaken  for  the  purpose  of 
discovering  metallic  beds  or  veins,  i.  The  construction  of  shafts  and 
galleries.  3.  The  tracing  of  the  bearing,  direction,  and  probable  ex- 
tent of  the  mineral  deposits.  4.  Excavating  the  metallic  ores.  5.  Works 
requisite  for  ensuring  the  security  of  the  shafts  and  galleries ;  as  prop- 
ping, planking,  plastering,  walling,  building  arches,  &c.  6.  Making 
air-shafts  or  funnels,  and  other  arrangements  necessary  for  securing  a 
proper  ventilation  throughout  the  works.  7.  Methods  of  raising  or 
transporting  ores  or  minerals  to  the  surface.  In  the  mines  of  England 
and  Silesia,  iron  railroads  or  canals  are  sometimes  constructed  for 
the  conveyance  of  the  mineral  produce  ;  as  in  the  Worsley  coal-mines, 
in   Lancashire,  where  subterranean  canals  were  formed  by  the  cele- 

*  Brande's  Lectures  on  Qeoloffjr,  lect.  vi. 
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brated  Brindley,  before  the  middle  of  the  last  oentary.  In  the  iron- 
mines  at  Fahlun,  in  Sweden,  and  in  the  mines  of  rockHMlt,  in  Galitsa, 
and  elsewhere,  when  the  excavations  are  sufficiently  eapacions,  horses 
are  sometimes  introduced  to  work  undergromid,  a  practice  which  does 
not  appear  to  have  been  adopted  in  England ;  though  those  animals 
were  commonly  employed  to  work  machinery  on  the  surface,  before 
the  introduction  of  steam-engines  into  the  mining  districts,  and  are 
still  of  course  in  many  situations.  B.  Remonng  or  stopping  out 
water.  9.  The  accessary  operations  of  blasting  rocks  with  gon* 
powder,  or  firing  them  by  kindling  on  their  sur&ces  large  piles  of 
wood,  and  thus  causing  them  to  split  by  the  effect  of  heat,  as  is  prac- 
tised in  the  mines  of  Rammelsberg,  in  the  Hartz ;  those  of  G«yer  and 
Altenberg,  in  Saxony ;  of  Felsobanya,  in  Transylvania ;  of  KoogBberg, 
in  Norway,  and  others.  10.  Among  the  most  important  nrrannarj 
arrangements  are  those  which  relate  to  lighting  the  mines,  and  pro* 
Tiding  against  the  danger  of  explosion  where  the  inflammable  vrnponr 
called  fire-damp  occurs  ;  and  to  obviate  this  various  plans  hare 
adopted,  as  the  use  of  steel-mills,  and  Dayy*s  wire-gauze  lamps.* 

Any  detailed  notice  of  mining  operations,  though  it  might  be 
dered  interesting,  would  be  quite  inconsistent  with  the  plan  of  thie 
work ;  but  a  few  particulars  may  be  added,  relative  to  the  maiui^  in 
which  gold  and  silver  mines  were  worked,  both  in  £utope  and 
America,  in  the  seventeenth  century  ;  and  also  concerning  the  modes 
of  proceeding  at  present  among  the  Cornish  miners  in  oar  owb 
country. 

At  Kremnitz,  in  Hungary,  there  is  a  gold  mine,  which  when  it  wai 
visited  by  Dr.  Browne,  about  1680,  had  been  worked  nine  hmidred 
and  fifty  years.  It  was  nine  or  ten  English  miles  in  length,  bmviiig 
one  horizontal  passage  or  gallery,  eight  hundred  fathoms  in  length, 
called  the  Erbstall.  Its  depth  was  above  one  hundred  and  seventv 
fathoms.  Ladders  were  not  used  to  descend  into  the  mine,  bnt  peraoatf 
were  let  down  by  a  cable,  to  which  was  affixed  a  seat  of  leather,  nfibt^ 
ing  a  safe  and  convenient  carriage  even  to  those  who  were  not  lined  tP 
it.  There  were  six  shafts  or  perpendicular  pits  that  might  be  ^tez«d 
in  this  manner,  each  having  a  distinct  name :  1.  That  of  Rodolphiis. 

*  See  Book  of  Science,  pt.  i.  p.  33S ;  Id  edit.  p.  S4i. 
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>.  Queen  Anne.  3,  Ferdinand.  4.  Miftthies.  5.  Windsbaft.  6.  Leo* 
pold*  "  I  went  down/'  ms  the  tnyeller, "  hy  the  pit  of  the  Emperor 
Kodolphu8»  gently  descending  by  ib»  turning  ebout  of  •  Urge  wheel, 
to  which  the  cnble  is  &stened,  one  hundred  and  eight  fathoms  deep 
into  the  earth ;  and  after  many  bonrs  beiog  in  the  mine,  was  drawn 
eot  again  by  Leopold's  pit,  atrait  up  above  one  hundred  and  fifty 
fatboma.  a  hieigbt  surpassing  that  of  the  pyramids  by  a  third  part.  At 
the  bottom  of  which  pit  I  waa  not  discouraged  to  find  myaelf  so  deep 
in  the  earth,  lor  oonsidenng  I  was  yet  abore  three  thousand  mUea  from 
the  centre,*  I  thou^t  myself  but  in  a  weU«  It  is  built  on  all  sides 
with  fir-trees,  one  lyiog  upon  another  (like  tmasTerse  logs),  oo  the 
ioar  sides,  from  the  top  to  the  bottom.  The  miners  work  towards  one, 
two,  or  three  of  the  clock,  as  they  speak ;  for  they  direct  themselves 
under  ground  by  a  compass,  not  of  thirty-two  points  i(such  as  is  used 
at  sea),  but  by  one  of  twenty-fonr,  which  they  divide  as  we  do  the 
hosrs  of  the  day,  into  twice  twelve."! 

The  silver.mines  of  Potosi,  in  Peru,  which  are  among  the  richest 

hitherto  known,  were  discovered  in  1545.    For  the  more  convenient 

working  of  fhe  mines,  Uie  Spaniards  dug  galleries,  which  they  call 

Socabonos,  from  the  foot  of  the  mountain  oif  Potoai,  towards  the  west, 

passing  through  horixontally  to  the  mine,  each  gallery  being  eight  feet 

broad  and  a  &thom  deep,  and  closed  with  gates  that  might  be  locked, 

throuf^  which  the  silver  is  carried  out,  and  where  the  owner  of  the 

soci^boa  receivea  a  fifth  part.    The  aocabon  leading  to  the  rich  vein 

was  beg^  in  1556,  and  finished  in  twenty-nine  yeara,  extending  two 

hundred  and  fifty  rods  in  length.    The  miners  work  by  candlelight, 

both  day  and  night,  by  turns :  those  that  work  in  the  day  sleeping  in 

the  nignt,  and  £oae  that  woik  in  the  night  aleeping  in  the  day.    The 

ore*  which  is  aa  hard  as  a  atone,  is  cut  out  wiUi  pickaxes,  beaten  in 

pieeea  with  an  iron  crow,  and  carried  by  the  minera.  upon  tibeir  backs, 

up  ladders  made  of  leather.    Each  ladder  has  three  leathern  ropes, 

nboitt  the  thickness  of  n  eable,  stretched  out  by  sticks,  so  that  one 

Inbourer  may  go  up  on  one  aide,  while  another  comes  down  oo  the 

«  Nearer  four  thousand  miles.    See  Book  of  Science,  pt.  i.  p.  33. 
t  Sir  Thomas  Pope  Bloont's  Mataral  History,  pp.  M9— 431 ;  ttom  TraveU  in 
Hoogaria,  Ac,  hy  Edw.  Browne,  M.D. 
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other.  Each  ladder  being  ten  fathoms  in  length,  has  its  respectiTe 
floor,  on  which  the  labourers  rest  dining  their  ascent ;  the  number  of 
the  floors  differing  according  to  the  depth  of  the  mine.  The  men  carry 
the  ore  in  bags  fastened  before  their  breasts,  and  passing  over  their 
shoulders  behind  their  backs ;  going  up  three  and  three  together,  the 
foremost  with  a  lighted  candle  tied.to  his  thumb,  so  that  both  hands 
are  at  liber^.  Thus  loaded  thejr  scramble  up  and  down  one  hundred 
and  fifty  fathoms ;  exposed,  besides  other  perils,  to  the  danger  of  de- 
struction from  the  faUing  in  of  the  mines,  or  of  part  of  the  sides  of  the 
ill-constructed  pits  or  shafts.  They  suffer  also  irom  the  cold  tempera- 
ture of  these  subterranean  passages.  The  silver  runs  for  the  most  part 
between  two  rocks,  as  in  a  long  channel ;  one  side  being  as  hard  as 
flint,  and  the  other  much  softer.* 

This  defective  and  laborious  method  of  working  the  mines  in  Soath 
America,  seems  to  have  been  retained  till  the  foundation  of  inde- 
pendent states  in  that  part  of  the  new  world,  on  the  ruins  of  the  long 
misgoverned  Spanish  colonies.  I'he  improvements  which  have  taken 
place,  however,  have  been  chiefly,  if  not  entirely,  owing  to  the  inrest- 
ment  of  British  property  in  the  mines  of  Peru.  Fifteen  or  sixteea 
years  since  steam-engines  were  sent  from  England,  which  were  used  in 
working  the  shallow  mines  of  Pasco ;  and  as  Mr.  Phillips  observedt 
**  It  may  be  assumed  that  the  superior  skill  of  British  miners,  iM««i«*<xi 
by  the  power  of  the  steam-engine,  where  wood  or  coal  is  found  in  suffi- 
cient abundance  for  fuel,  will  be  able  to  accomplish  much  more  thas 
could  be  performed  by  systems  so  rude,  if  system  it  could  be  called, 
where  no  regularity  existed  in  the  underground  workings."  f 

The  principal  mining  districts  in  South  Britain,  whence  metals  are 
procured,  are  in  Cumberland,  Lancashire,  Derbyshire,  NortH  Wales, 
and  Cornwall.  Those  parts  of  the  north  of  England  in  which  lead  is 
chiefly  found,  are  more  mountainous  than  the  metalliferous  tracts  is 
Cornwall,  and  the  mines  in  general  are  in  elevated  situations ;  aitd 
not  being  very  deep,  the  water  may  be  readily  discharged  by  cuttinf: 
a  passage  or  adit,  through  which  it  may  flow  into  the  ▼aUeya,  and 
thence  to  the  sea.    Hence  steam-engines  are  but  little  needea.  and  » 

*  Sir  T.  P.  Blount's  Natural  History,  pp.  S4a— 244. 

t  Outlines  of  Mineralogy  and  Geology,  4tti  edit  p.  )96. 
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very  great  expense  is  sared.  But  in  the  mining  districts  of  Cornwall 
steam-engines,  and  some  of  enormous  power,  are  constantly  used ;  the 
water-wheels  being  comparatively  few.  The  mining  tracts  are  but 
little  elevated,  seldom  exceeding  500  feet  above  the  level  of  the  sea ; 
and  the  streams  of  water  are  but  inconsiderable  in  point  of  dimensions 
or  power. 

In  CornwaU,  it  has  been  observed,  that  the  difficulty  is  not  where 
to  find  a  vein,  but  where  to  find  a  good  one.  A  good  neighbourhood ; 
a  fine  gossan  (a  loose,  friable,  ochreous  substance,  principally  sili- 
ceous) m  the  upper  part  of  the  vein  or  lode ;  plenty  of  black  Jack 
(blende),  for  "  Black  Jack,"  says  the  miner,  "rides  a  proud  horse:" 
and  if,  at  some  little  depth,  on  cutting  the  lode,  the  mine  is  inundated 
with  water,  these  are  symptoms  of  encouragement  for  the  miner,  even 
if  little  or  no  copper  ore  should  appear  near  the  surface.  Having 
selected  the  vein  he  means  to  work,  and  secured  the  right  of  working 
it,  by  obtaining  a  lease  of  the  mine  for  a  term  of  years,  it  is  necessary 
to  determine  what  part  of  the  vein  to  begin  upon,  which  however  is 
often  decided  by  convenience,  or  the  facility  of  bringing  up  to  it  an 
adit  from  the  lowest  ground  within  the  settled  limits.  The  next  object 
is  to  sink  a  shaft,  the  underlie  of  the  lode  being  first  determined,  often 
by  sinking  down  a  short  distance  from  the  surface  on  its  course.  The 
shaft,  however,  is  seldom  continued  in  this  direction,  but  is  in  general 
carried  down  vertically. 

Thus  if  a  copper  lode  or  vein  runs  east  and  west  through  a  hill, 
the  adit  is  driven  from  near  the  base  of  the  hill  to  the  lode  underlying 
north,  and  through  it  to  the  shaft,  which  is  perpendicular.     The 
place  of  the  shaft  on  the  surface  is  t^be  determined  by  the  underlie  of 
the  lode  ;  from  knowing  which  the  miner  decides  on  sinking  his  shaft, 
so  as  to  cut  or  traverse  the  lode  at  a  particular  depth  beneath  the  sur- 
face, according  to  circumstances.   When  the  miner  wishes  to  examine 
the  lode  above  the  level  of  the  adit,  he  forms  a  cross-cut  or  passage 
from  the  shaft  to  the  lode,  and  in  the  same  manner  other  cross-cuts 
may  be  made  below  the  adit,  running  parallel  with  it,  and  extending 
io  the  lode.    In  either  case  he  may  be  incommoded  by  water,  and 
coDsequently  it  will  now  be  necessary  to  erect  machinery  near  the 
laoutb  of  toe  shaft,  for  the  purpose   of  raising  and  discharging  the 
fTSter  ;  and  it  will  also  serve  to  raise  the  ore,  as  well  as  any  rubbish 
vrbich  requires  removal  from  below.    Thus  the  miner  may  continue 
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to  explore  the  lode  to  such  a  deptk  as  he  thittkd  proper,  or  as  lar  m 
he  can  ednreniently.    Should  he  perceire  indicationa  of  a  rich  lode, 
however,  instead  of  making  more  eross-ctits,  he  will  probably  be  in- 
duced to  extend  his  working  horifeontally  in  the  lode  itself,  as  far  as 
maj  be  desirable  in  either  direotiont  examining  it  tbns  in  seYenl 
places,  and  hollowing  out  as  he  proceeds  those  passages  in  the  mine 
whi6h  he  terms  levels.    As  the  crosscuts  are  generally  ten  fathoms 
apart,  he  describes  the  place  in  which  his  work  is  proceeding,  in  rais- 
ing  ore,  for  instance^  by  aaying  that  it  comes  from  the  ten  or  twenty 
fathom  level  going  east  or  west  from  such  a  shaft,  each  shaft  having 
its  own  designation ;  but  only  such  levels  are  reckoned  as  are  below 
the  adit.    In  sinking  the  shaft,  or  driving  the  cross-cut,  or  extending 
on  the  lode,  the  miner  sometimes  finds  that  he  is  in  want  of  air  ;  not 
thM  the  fire-damp  octittrSi  as  in  Some  coal-mines,  causing  so  many 
fatal  accidents  in  the  mines  of  the  north  of  £ngland ;  but  that  the  vital 
part  of  it  is  so  nearly  consumed,  that  the  very  candle  bums  dimly ; 
and  this  Would  be  a  sufficient  indicatioti  to  the  miner,  even  if  hid  own 
breathing  were  not  affected  by  it.    This  want  of  air,  however,  u 
rarely  felt  when  there  are  in  the  mine  several  shafts  connected  by 
underground  Workings ;  and  when  it  does  happen,  a  supply  of  atmo- 
spheric air  is  obtained  by  means  of  a  pipe  or  trunk  of  wood  or  metal, 
extending  from  about  six  feet  above  the  surface  to  the  lowest  part  of 
the  workings,  or  to  such  a  place  as  may  be  most  convenient,  and 
having  on  tiie  fop  a  wooden  box  turned  to  the  wind ;  and  there  ia  • 
more  effectual  mode,  which  eonsists  in  placing  on  the  top  of  »  pipe, 
the  upper  part  of  which  is  of  iron,  a  small  stove  or  grate,  contsinin; 
Goal,  inclosed  in  such  a  maoner  that  the  fire  can  only  be  sttpported  br 
drawing  its  supplies  of  air  from  the  bottom  of  the  workings ;  end  thnii 
the  foul  air  passes  up  the  pipe,  and  a  eon  stent  current  ia  kept  up ; 
the  candle  then  resumes  its  splendour,  whioh,  however,  ia  but  ieehle 
at  the  best,  and  the  miner  breathes  more  freely. 

If  the  quantity  of  water  which  enters  the  mine  be  so  great  tliat  it 
cannot  be  discharged  fast  enough  by  a  horse-wheel  and  bncketa,  and 
circumstances  do  not  admit  of  the  erection  of  a  water-wheel  anfficientlv 
poweriiil,  the  only  resort  is  a  steam-engine.  Two  large  steam-«iigin«B 
are  not  uncommonly  employed  in  one  mine ;  and  there  are  many  in- 
stances in  which  one  engine,  with  its  apparatus  and  pnmpe,  toother 
with  the  expense  of  sinking  a  large  shaft  on  which  to  place  it.  faar^ 
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cost  more  than  ten  thousand  pounds.    The  miner  does  not  calculate 
the  power  of  his  engine  with  reference  to  horse-power,  hut  hy  the 
diameter  of  the  cylinder.    The  cylinders  of  the  largest  engines  in  the 
county  are  91  inches  in  diameter ;  there  are  two  of  90  inches  on  the 
consolidated  mines.    As  an  extreme  instance  of  the  prevalence  of 
water  in  some  mines,  it  may  he  mentioned,  that  from  one  in  the 
western  part  of  Cornwall,  not  many  years  ago,  after  a  long  series  of 
very  wet  weather,  the  engines  were  computed  to  draw  off  1600  gallons 
every  minute,  day  and  night,  during  six  weeks.    The  steam-engine 
or  engines  are  commonly  placed  on  the  largest  and  the  deepest  shafts 
in  the  mine.     An  ordinary  shaft,  or  one  which  is  only  to  contain  the 
ladder  (for  the  miner  always  descends  hy  the  ladder,  never  by  the 
rope,  as  in  coal-mines) ,  is  only  just  large  enough  for  that  single  pur- 
pose ;  but  the  engine-shaft,  as  it  is  termed,  is  generally  large  enough 
to  admit  of  two  divisions,  one  for  the  pumps,  and  another  for  the 
bucket  or  Idbhle,  and  sometimes  a  third  division  as  a  footway  or  lad- 
der ;  and  the  bottom  of  this  shaft  is  generally  the  deepest  part  of  the 
mine,  and  is  termed  by  the  miner  the  sump.    In  the  bottom  of  it,  to 
which  the  pumps  extend  from  the  summit,  the  waters  of  the  mine  col- 
lect by  means  of  the  underground  workings  connected  with  it,  and 
the  incessant  drainage  into  it  from  the  country  or  rock,  in  which  the 
mine  is  situated.     But  besides  being  employed  in  discharging  the 
water  of  a  mine,  the  steam-engine  is  sometimes  used  for  the  raising  of 
ores,  which  it  does  with  a  rapidity  far  greater  than  can  be  attained  by 
any  other  means ;  sometimes,  however,  very  small  engines,  termed 
steam-whims,  are  erected  for  this  purpose  alone,  in  such  mines  as  are 
very  rich.* 

]3olcoath  mine,  situated  at  the  northern  foot  of  Cambrae,  a  granite 
hill,  contiguous  to  Redruth  on  the  west,  is  one  of  the  deepest,  if  not 
the  deepest  in  Cornwall,  being  about  S50  ftithoms  from  the  surface  to 
the  sump.  This  mine  has  been  working  above  fifty  years,  and  is  still 
rich,  and  its  underground  workings  are  very  extensive.  The  copper- 
mine  of  Ecton,  in  Staffordshire,  is  now  worked  at  the  depth  of  472 
yarda»  being  the  deepest  in  England.  The  deepest  mine  in  Europe, 
or  in  the  world*  is  said  to  be  that  of  Truttenberg,  in  Bohemia,  which 
is  worked  1000  yards  below  the  surface. 

*  See  PhUUps's  Outlines,  p.  igs,  &c. 
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The  preceding  section  of  an  extensile  mine  will  serve  to  give  the 
reader  some  notion  of  the  forms  and  directions  of  the  shafts,  galleries, 
or  cross-cats,  and  other  works  requisite  for  the  extraction  of  the  ores 
of  metals  from  the  bowels  of  the  earth. 

A.  Principal  shaft,  for  raising  water  and  ores  :  this  pit  communi- 
cates above  with  a  horse-wheel,  and  lower  down  with  the  adit  F,  and 
inferior  galleries  or  cross-cuts. 

B,  Water-wheel  to  work  pumps  or  other  machinery  in  the  adit  or 
gallery  F. 

C.  Large  air-shaft,  communicating  with  the  lowest  gallery. 

D,  D.  Shafts  of  communication  between  the  galleries. 

£,  £,  £,  £.  Galleries  at  different  depths,  in  the  line  of  the  vein  or 
lode,  for  the  extraction  of  ores  or  water. 

F.  Principal  gallery,  or  adit,  for  the  discharge  of  water,  raised  into 
it  by  pumps,  or  descending  from  works  in  the  higher  part  of  the  moun- 
tain in  which  the  mine  is  situated. 

G.  Horizontal  wheel  (worked  by  horses),  round  barrels  fixed  to 
the  axis  of  which  pass  ropes,  extending  over  pulleys,  and  descending 
into  the  shaft  A. 

H.  Large  shaft  traversing  the  lode,  extending  from  the  surface  to 
the  bottom  of  the  mine,  and  serving  for  the  descent  of  miners,  and  as 
an  air-shaft.  Stages  or  floors  are  placed  in  it  at  short  distances,  to 
lessen  the  danger  of  accidents. 

Such  are  the  usual  arrangements  adopted  for  the  works  of  mines, 
in  most  situations,  and  under  favourable  circumstances.  In  particular 
cases,  however,  additional  constructions  are  required  for  the  prosecu- 
tion of  such  undertakings.  The  galleries  of  some  mines  are  extended 
under  the  bed  of  the  sea,  when  of  course  especial  attention  must  be 
paid  to  the  support  of  the  roof  of  the  mine. 

Perhaps  the  most  remarkable  work  of  this  description  was  a  mine 
opened  more  than  a  century  ago,  in  the  midst  of  the  sea,  near  the 
port  of  Penzance.  At  low  water  in  this^place  a  gravelly  bottom  was 
left  bare,  in  which  appeared  a  multitude  of  smdl  veins  of  tin  ore, 
crossing'  each  other  in  eveiy  direction.  The  subjacent  strata  also 
contained  this  mineral  in  considerable  quantities;  and  works  were 
carried  on  in  the  rock  whenever  the  sea,  the  time,  and  the  season 
irooJd  permit,  until  the  depth  became  too  great. 
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Tbe  place  where  this  submarine  ;tin  ore  was  found  was  about  two 
hundred  vards  from  the  shore ;  and  the  bank  of  the  sea  here  being  very 
steep  and  high,  the  distance  is  considerable,  even  at  low  water ;  and 
at  high  tide  the  rock  is  covered  by  three  fathoms  of  water.  As  the 
bottom  is  gravelly  and  full  of  rocks,  the  waves  become  much  agitated, 
and  rise  to  a  great  height  when  the  wind  blows  from  particular  points. 
This  inconvenience  takes  place  throughout  the  winter,  and  had  always 
led  to  the  failure  of  different  attempts  which  had  been  made  before 
to  drain  the  mine  and  raise  the  ore.  At  low  water-mark,  the  rock  ap- 
pears a  little  above  the  surface  of  the  sea;  but  during  some  months  in 
the  year  it  is  never  uncovered. 

Against  all  these  difficulties  a  single  individual,  whose  property  was 
not  worth  three  crowns,  and  who  undertook  the  work  anew,  had  to 
contend.  This  courageous  miner  employed  three  summers  in  sinking 
a  pit,  during  which  time  he  could  only  work  two  hours  a  day,  and 
every  time  he  went  to  work  he  found  his  excavation  full  of  water, 
which  he  was  obliged  to  empty  out  before  he  could  recommence  work- 
ii^ ;  and  this  occasioned  great  difficulties  when  he  set  about  blasting 
the  rock.  He  therefore  built  round  the  mouth  of  the  pit  a  turret  (J 
wood,  impervious  to  water,  or  a  sort  of  coffer-dam,  and  by  this  means 
was  able  to  prolong  the  time  of  working  on  the  rock.  And  by  rsisii^ 
the  turret  above  the  greatest  height  to  which  the  sea  could  reach,  he 
endeavoured  to  keep  out  the  water  entirely. 

Bat  here  he  had  new  difficulties  to  encounter  :  first,  to  mske  the 
turret  water-tight ;  and  secondly,  to  secure  it  in  such  a  manna 
that  neither  the  flux  nor  reflux  of  the  sea,  or  the  shocks  of  tbe 
waves,  should  overturn  it.  The  rock  was,  fortunately,  of  porphyiv ; 
not  too  hard  to  cut,  but  still  very  firm.  He  shaped  the  portions  W 
separated  from  it,  and  disposed  them  in  a  regular  manner  at  the  foot 
of  the  turret,  and  closed  and  corked  with  oakum  and  fat  cement  all 
the  interstices  between  the  wood  and  the  stone,  so  that  the  whole  was 
united  into  one  mass.  The  pit,  like  all  those  in  Cornwall,  was  lined 
with  planks,  all  the  joints  being  well  caulked  or  pitched.  When  tha 
frame-work  was  thus  constructed,  he  supported  it  with  iron,  braces. 
About  the  mouth  of  the  pit  he  raised,  upon  four  great  piles,  a  platform 
of  planks,  to  support  the  windlass,  which  was  worked  by  four  men. 
When  with  great  labour  and  difficulty  the  pit  and  tower  were  finished. 
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he  then  reaped  the  fruite  of  his  indnstrj,  and  establishing  a  regular 
work  at  Stockwork,  he  drew  from  it  in  a  little  time  a  considerable 
qaantity  of  tin,  and  pot  his  adventure  on  a  rood  footing. 

There  were  timesi  howerer,  when  his  undertaking  was  not  in  soch 
a  good  state.  To  save  expense  and  diminish  his  labours,  he  attacked 
the  part  of  the  mine  overhead,  by  which  means,  at  high  water,  the  sea 
penetrated  through  the  chinks  of  the  rock,  so  that  he  was  obliged  to 
sustain  the  roof,  which  was  pretty  eztensire,  in  some  parts  by  planks 
and  thick  props,  to  prerent  the  great  mass  of  water  which  pressed  on 
it  aboTO  from  driving  it  in.  Beaides  this,  notwithstandmg  all  his 
endeavours,  it  was  not  possible  to  keep  his  wood*work  water-tight  in 
the  winter,  and  when  the  sea  was  rough,  he  could  not  transport  the  ore 
ashore  in  his  boat.  In  the  autumn  of  1790,  the  chamber  excavated  in 
the  inside  of  the  rock  had  the  following  dimensions : 

Greatest  depth            .               .  .36  feet. 

Depth  to  the  level  of  the  passage  .          f  6  feet. 

Greatest  diameter  of  the  cnamW  .    18  feet. 

XiOast  diameter                   .  .           3  feet. 

Tour  men  in  two  hours  emptied  the  pit  of  water  by  the  windlass,  at 
the  rate  of  four  tons  in  a  minute,  towards  the  end  of  which  tinle,  six 
men  drove  it  from  the  bottom  of  the  pit,  and  poured  it  into  the  pas- 
sage.   After  drawing  out  the  water,  they  worked  six  hours  on  the 
rock.    From  one  tide  to  another,  they  raised  about  thirty  sacks  of  ore, 
each  sack  containing  fourteen  gallons,  fifteen-sixteenths  of  which 
'were  so  rich,  that  they  produced  one-sixth  of  a  hundredweight  of  tin, 
and  one-sixteenth  of  a  hundredweight  was  procured  |from  the  re- 
mainder :  so  that  in  six  inonths  they  raised  to  the  value  of  600L 
sterling  of  tin.     As  most  of  the  ore  was  interspersed  in  a  hard  rock, 
difficult  to  pound,  the  undertaker  had  it  roasted  in  a  common  lime- 
kiln, which  answered  perfectly  well.  There  had  been  nothing  of  the  kind 
done  in  Cornwall  before.  This  singular  work  was  known  by  the  name 
of  Wheal  Feny ;  the  persevering  individual  who  planned  and  executed 
it,  died  at  the  age  of  seventy  years,  in  the  winter  of  1791,  the  min^ 
jisving  in  the  preceding  year  yielded  ore  worth  SOOOL 
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The  works  thus  ingeniously  constrncted,  were  subsequendr  de- 
Btrojed  by  accident,  and  the  mine  was  rained.* 

In  and  on  every  extensive  mine  from  one  thousand  to  fifteen  hundred 
men,  women,  and  children  are  employed.  The  men  and  the  elder 
boys  alone  descend  the  mines  and  work  underground ;  the  women 
break  in  pieces  the  ore  with  hammers,  and  the  children  pick  and  sort 
it.  The  best  ores  are  at  once  broken  small  by  the  double-handed 
hammer,  and  put  to  pile,  being  in  that  state  merchantable ;  the  inferior 
ores  are  broken  by  single-handed  hammers,  and  sorted,  the  poorest  are 
committed  to  the  stamps,  which  are  piles  or  heavy  beams  of  wood, 
shod  with  iron,  and  tilted,  or  raised  and  let  down  alternately,  bj 
means  of  an  axle  turned  by  a  water-wheel ;  and  thus  the  ore  u 
braised  so  fine,  that  the  whole  mass  has,  after  being  washed,  the 
appearance  of  slime,  and  in  this  condition  it  is  sold.f 

The  copper  ores  of  Cornwall  are  not  smelted  in  the  county,  n 
which  coal  is  not  found,  but  are  shipped,  generally  at  the  port  nearest 
to  the  mine,  for  Swansea,  in  the  vicinity  of  which  the  principal  smdt- 
ing  companies  have  their  establishments.  Formerly  there  were  on^ 
or  two  companies  which  smelted  in  Cornwall,  but  it  seems  to  be  found 
by  experience  to  be  less  expensive  to  carry  the  ore  to  the  coal^  than  to 
bring  the  coal  to  the  ore.  The  ore  is  taken  on  the  backs  of  mules  to 
the  port,  or  in  carts,  <»r  in  one  or  two  instances  by  a  railroad ;  and. 
in  return,  coal  is  brought  to  the  mine,  shipped  from  Wales,  in  resseis 
which  take  back  copper  ore. 


DOCIMASr. 

The  art  of  assaying  minerals,  for  the  purpose  of  ascertaining  ther 
composition,  and  especially  the  nature  and  proportions  of  their  me- 
tallic products,  is  termed  Docimasy,  or  Docimastics.  It  differs  (nm 
metallurgy  in  its  strictest  acceptation,  in  that  the  requisite  operatioib 
of  docimasy  are  performed  on  a  small  scale,  and  without  any  atteoiiff 

*  Dr.  Lardner*s  Treatise  on  the  Progressive  Improvement  and  Present  Stii? 
of  the  Manufiactarcs  in  Metals,  vol.  iii.  pp.  16— 17, 
t  Phillips's  Outlines,  pp.  807,  SOS. 
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to  those  economical  considerations  which  are  of  so  much  importance 
in  the  processes  of  the  metallurgist.  The  great  object  of  assajring  a 
mineral*  is  to  form  an  accurate  estimate  of  its  componeut  parts  and 
their  relative  proportions,  and  thus  to  discover  whether  it  is  rich 
enough  in  metal  to  paj  the  expenses  of  working  a  mine,  and  re. 
ducing  the  ore  to  the  metallic  state.  These  preparatory  operations  are 
peculiarly  requisite,  with  regard  to  minerals  or  mineral  products  con- 
taining the  precious  metals,  because  a  knowledge  of  the  exact  quantity 
of  metol  in  any  substance,  especially  if  the  quantity  be  comparatively 
small,  must  be  obtained  before  it  can  be  possible  to  decide  whether 
it  will  be  worth  while  to  undertake  its  extraction. 

There  are  three  modes  of  conducting  docimastic  operations :  1.  The 
mechanical  assay;  2.  The  assay  by  the  dry  method;  3.  The  wet 
assay. 

Mechanical  Asxayt, 

Processes  of  this  nature  merely  consist  in  the  separation  of  sub- 
stances mechanically  mixed  in  metallic  ores,  and  are  executed  by 
sifting,  washing,  and  thus  removing  the  soluble  and  lighter  portions  of 
the  substance  to  be  examined,  so  that  the  metallic  particles  may  be 
obtained  in  a  separate  state.    To  make  an  assay  by  the  mechanical 
method,  the  ore  having  been  pulverized,  a  certain  quantity  of  it,  by 
^^eight,  is  to  be  put  in  a  sieve  with  a  little  water,  and  then,  by  agita- 
tion, the  lighter  matters  may  be  separated  from  the  metallic  particles, 
in  consequence  of  their  superior  specific  gravity.    Thus  a  moist  mass, 
or  ichlichf  more  or  less  pure,  will  be  obtained,  from  which  a  judgment 
may  be  formed  of  the  quality  of  the  ore,  and  from  this  mass  the  whole 
of  the  metal  may  be  extracted  by  assajring  it,  either  in  the  dry  or  in 
the  wet. method.      Washing  is  practised  as  a  method  of  assaying 
soriferous  and  stanniferous  sands,  or  with  regard  to  schlichs,  which 
liare  been  already  washed,  to  ascertain  the  degree  of  purity  to  which 
fbey  have  been  reduced.    This  mode  of  assay  may  be  also  ad  van* 
tsu^eously  employed  to  separate  the  oxide  of  tin,  and  the  snlphnrets  of 
I^ad  and  antimony,  from  the  gaugues  or  stony  matter  in  which  these 
ores  are  frequently  disseminated.    The  same  kind  of  assay  may  be 
properly  used  to  diBOOver  whether  scoiiaB,  or  other  products  of  the 
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faniaee,  retain  enongb  metalUe  matter  to  make  it  worth  wbik  to  trett 
them  on  a  large  scale  by  atamping  and  washing.* 

Assays  by  the  Dry  Method, 

■  The  dry  mode  of  assay  has  for  its  object  the  discovery  of  the  nature 
and  qoantity  of  the  metals  contained  in  any  ore*  but  to  prevent  need- 
less  experiments,  it  is  desirable  to  be  able  to  decide  beforehand  what 
metal  may  be  supposed  to  exist  in  a  fragment  of  an  ore  about  to  be 
submittea  to  examination.  To  obtain  this  previous  information,  at- 
tention should  be  paid  to  mineralogical  oharacters,  which  will  oftea 
afford  positive  indications  of  the  nature  of  the  mineral ;  but  when 
there  is  any  room  for  doubt,  it  becomes  necessary  to  vary  the  mode  of 
inquiry,  and  submit  the  substance  to  a  twofold  operation.  Thus  the 
mineral  fn^ment  to  be  assayed  is  to  be  divided  into  two  portions,  one 
of  which  may  be  analyzed  with  a  view  to  discover  the  precise  nature 
of  the  metal,  and  the  other  to  determine  its  proportion  relatively  to  the 
ether  substances  with  which  it  is  mixed. 

Assays  by  the  dry  method  require  great  skill  in  the  opeiutpr,  and 
but  an  inconsiderable  apparatus.  They  may  be  perfonned  i^enerdlT 
in  workshops,  and  they  become  peculiarly  necessary  in  those  wh«e 
ores  are  purchased  from  different  localities ;  because,  when  tlie  quaa* 
tity  of  metal  they  afford  can  be  ascertained,  it  beeomes  easy  to  fix  the 
price  that  must  be  g^ven  for  the  ores.  These  assays  are  perfonned  bv 
aubmitting  the  mineral  body  to  the  action  of  fire,  either  by  T^>;-mn  ii 
cupels,  retorts,  matrasses,  crucibles,  or  by  the  blowjHpe,  It  i* 
frequently  requisite  in  these  operations  to  add  a  flux,  or  aooM  other 
aubatance  which  may  fitcilitate  the  decomposition  of  the  ore. 

The  blowpipe  is  peculiarly  useful  in  condooting  aaaaya.  io  cowe- 
quence  of  its  ready  application,  without  loss  of  time  or  trouble,  as  it 
affords  a  simple  and  convenient  method  of  heating  to  s  high  degiee. 
very  quickly,  any  substance  sufficiently  small  to  be  iavoWod  in  ik 
flame  excited  by  this  instrument.  There  are  a  variety  of  forms  of  tbi 
blowpipe,  among  the  most  oonvenient  of  which  are  thoae  of  Dr 
WoUaston,  described  by  Mr.  Brande,  in  his  Manual  of  Cheaiiatn. 

*  MttaUorgie  Pratique,  pp.  ss,  M. 
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▼ol.  i.,  and  that  of  the  Swedish  chemist,  Gafan.  This  blowpipe  is 
composed  of  four  tabes:  1.  The  principal  tube  or  mouthp^ieee  of 
the  blowpipe ;  3.  A  cylindrical  chamber  to  collect  the  water  fonned 
from  condensation  of  the  moisture  of  the  breath ;  3.  The  beak,  at 
the  extremity  of  which  is,  4.  The  jet-pipe,  through  which  the  air 
escapes.  The  jet  may  be  formed  with  an  opening  more  or  less  minute, 
to  suit  particular  purposes.  This  blowpipe,  when  talcen  to  pieces, 
may  be  fitted  into  a  box  or  case,  adapted  to  the  pocket,  so  that  it  may 
be  ready  for  use  in  any  situation. 

In  employing  this  instrument,  it  must  be  held  in  the  hand  with  the 

larger  end  of  the  tube  introduced  between  the  lips ;  then  the  beak  of 

the  jet  being  approached  to  the  flame  of  a  wax  candle,  or  that  of  a 

lamp,  with  a  wick  of  a  proper  size,  on  blowing  through  the  pipe  the 

flame  will  be  projected  upon  the  substance  to  be  assaved.  A  large  wax 

candle  will  be  round  to  supply  the  best  flame,  which,  when  urged  by 

the  blast,  exhibits  a  double  figure,  the  internal  flame  being  conical, 

blue,  and  well  defined,  and  at  its  apex  the  most  intense  heat  is 

excited ;  the  external  flame,  encompassing  the  other,  is  red,  vague, 

end  undetermined,  and  much  inferior  in  temperature.    Some  attention 

is  necessary  to  acquire  the  habit  of  properly  using  the  blowpipe,  so 

as  to  dirow  the  flame  regularly  and  uninterruptedly  on  the  body  to  be 

examined,  and  also  to  continue  the  blast  during  a  sufficient  time  with* 

out  fatigue  and  exhaustion.    This  object  may  be  attained  by  first 

filling  the  mouth  with  air,  which  is  to  be  driven  through  the  tube  by 

the  pressure  of  the  muscles  of  the  cheeks  alone,  those  of  the  chest  not 

at  all  cootributing  to  the  keeping  up  of  the  blast.    To  renew  the  air  in 

the  mouth  it  is  necessary  to  respire  onlf  through  the  nostrils,  which 

may  be  done  without  discontinuing  the  blast,  and  thus  a  person  may 

continue  blowing  a  long  time  without  inconvenience.     The  substance 

to  be  submitted  to  the  action  of  the  blowpipe,  should  not  be  larger 

than  a  peppercorn,  and  it  may  be  placed  on  tlie  extremity  of  a  slip  of 

platina,  or  held  in  a  pair  of  pincers  of  that  metal,  or  else  laid  in  a 

small  cavity  on  the  surface  of  a  piece  of  charcoal.    In  the  latter  case 

the  charcou  should  not  be  that  of  fir,  or  any  other  wood  which  would 

be  liable  to  sparkle  in  burning,  and  the  cavity  in  which  the  mineral  is 

laid  may  be  covered  with  another  piece  of  charcoal,  only  leaving  an 

opening  fiv  the  access  of  the  flame.  In  most  cases,  instead  of  exposing 

tfae  mineral  merelj  to  the  action  of  the  flame  urged  by  the  blowpipe 
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the  Bubstahce  is  pulverissed,  and  mixed,  either  with  oil  or  witfi  water, 
and  some  proper  flux ;  and  a  small  pellet  thus  beings  formed,  ia  to  be 
submitted  to  the  flame,  and  it  will  thus  be  less  exposed  to  be  driven 
off  when  the  action  of  the  fire  becomes  violent. 

When  a  mineral  substance  is  heated  at  the  extremity  of  the  flame, 
on  platina  or  charcoal,  uncovered  and  exposed  to  the  air,  it  may  become 
oxidated ;  but  when,  on  the  contrary,  it  is  heated  without  the  oontMrt 
of  air,  which  may  be  done  by  covering  it  with  charcoal,  or  projecting 
the  flame  so  that  it  may  environ  the  body  on  all  sides,  it  will  become 
disoxidated,  either  entirely  or  in  part,  if  it  contained  oxygen.  The 
results  in  either  case  will  consequently  be  very  different,  fyr  the 
first  is  termed  the  fire  of  oxidation,  and  the  second  the  fire  of  re- 
duction. 

When  it  is  requisite  to  oxidate  a  metallic  substance,  combined  with 
any  flux,  it  must  be  heated  intensely,  and  when  fused,  gradually  with- 
drawn from  the  point  of  the  blue  flame,  and  the  operation  repeated  as 
often  as  may  be  necessary,  using  a  jet  of  large  aperture.  The  oxida- 
tion may  also  be  accelerated  by  the  addition  of  a  small  quantity  of 
nitrate  of  potash.  In  order  to  reduce  the  metallic  oxides,  the  §^ass 
bead  formed  by  the  substance  to  be  examined,  and  the  flux  moat  he 
kept  in  fusion  on  charcoal  as  long  as  it  remains  without  bein^  ab- 
sorbed, that  the  metallic  particles  may  collect  into  a  globule  on  the  sar- 
face  of  the  charcoal.  It  is  then  to  be  fused  with  a  small  quantity  ot 
subcarbonate  of  soda,  which  will  be  absorbed  by  the  charcoal,  and  the 
spot  where  the  absorption  has  taken  place  must  be  strongly  ignited. 
by  using  a  tube  with  a  small  aperture.  By  continuing  the  ignitioii 
that  portion  of  the  metal  not  before  reduced,  will  be  brought  to  the 
metallic  state,  and  the  process  may  be  quickened  by  placing  the  glo- 
bule in  a  smoky  flame,  so  that  it  may  become  covered  with  soot.  11m 
beads  which  contain  metals  frequently  exhibit  a  metallic  aplendoor. 
especially  if  exposed  to  a  gentle  flickering  smoky  flame  afW  the  intense 
heat  has  ceased.  With  a  moderate  heat  the  metidlic  surfiEu;e  remains,  bar 
after  a  little  practice  it  may  be  ascertained  without  difficulty,  whether 
any  metal  is  contained  in  the  body  under  examination.  It  should  be 
observed  that  glass  of  borax  alone  sometimes  assumes,  externally.  « 
metallic  lustre.  When  the  experiment  is  concluded,  and  the  charcoil 
become  cold,  that  part  impregnated  with  the  fused  mass  must  be  cat  oat 
and  rubbed  down  with  distilled  water  in  an  agate  mortar,  the  Boda  wbks 
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formed  the  flux  will  be  diBSoUed,  the  charcoal  will  fioat  on  the 
liquid,  and  may  be  poured  off;  any  of  the  metallic  particles  remain- 
ing at  the  bottom  may  then  be  examined.  By  this  mode  of  assay 
most  of  the  metals  may  be  reduced.* 

Asuyt  hy  the  M<ngt  Method, 

When  an  ore  is  examined  by  the  moist  method  complicated  pro- 
cesses sometimes  become  requisite,  for  the  management  of  which  a 
considerable  degree  of  skill  in  chemistry  must  be  acquired ;  but  this 
method  presents  important  advantages  in  practice.  The  assay  of  ores 
by  the  moist  mode  consists  principally  in  exposing  them  to  the  action 
of  acids,  alkalies,  or  neutral  salts,  and  when  solutions  have  thus  been 
obtained,  the  metals  may  be  precipitated  by  proper  additions,  and  a 
judgment  of  their  nature  formed  from  the  colour  or  other  sensible  pro- 
perties of  the  precipitates.  Thus  metallic  solutions  may  be  analyzed 
by  the  application  of  tests,  but  in  order  to  discover  the  relative  quan- 
tities, as  well  as  the  qualities  of  a  mineral,  by  the  moist  assay,  the 
metals  must  be  precipitated  from  their  solutions,  and  the  products 
edulcorated  and  weighed. 

Gold  may  be  tested  by  exposing  it  to  the  influenoe  of  nitric  acid, 
which  acts  upon  almost  all  other  metals,  but  leaves  the  gold  untouched. 

Sil?er  ore  may  be  assayed  by  reducing  a  small  quantity  of  it  to  fine 
powder,  digesting  it  in  nitric  acid,  and  mixing  the  filtered  liquid  with 
a  solution  of  common  salt  (chloride  of  sodium).  A  chloride  of  silver 
-will  then  be  precipitated,  containing,  when  dried,  75  per  cent,  of 
metal ;  or  the  chloride  may  be  reduced  by  fusing  it  with  three  times 
itM  weight  of  subcarboDate  of  soda.f 

*  For  particular  infmrmatlon  relative  to  the  analysis  of  Alloys  by  Cnpella' 
lion,  see  Children's  Bssay  on  Chemical  Analysis,  pp.  90—108 ;  and  for  the  me- 
thods of  making  exact  assays  of  the  more  important  metals,  see  M<taUurg:ie 
Pratique,  pp.  39--M. 

t  Report  of  Brande's  Lect  on  Mineralog.  Chemistry,  in  Journ.  of  Science, 
vol.  iv.  p.  S45.  A  convenient  method  of  redodng  chloride  of  silver  is  men- 
tioned  in  Annales  de  Chimie,  t.  xiv.  p.  819.  Pnt  the  chloride  into  a  small 
vessel  of  sine  or  cast  iron,  containing  a  UlUe  water  j  and  leaving  it  there  a 
short  time,  if  the  vessel  be  clean,  the  decomposition  will  soon  take  place, 
otherwise  a  little  muriatic  or  sulphuric  add  may  be  added.  The  metallic  pro- 
duct may  be  washed  with  muriatic  add. 

o 
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Iron  ore  is  sometimes  treated  in  the  moist  way,  in  order  to  discorer 
whether  it  contains  phosphorus,  which  would  destroy  the  malleabilitT 
of  the  metal.  In  this  case  the  ore  supposed  to  contain  phosphorai 
must  be  mixed  with  one-fourth  of  its  weight  of  nitrate  of  potash,  and 
placed  in  an  earthen  crucible,  which  is  to  be  strongly  heated 
n>r  half  an  hour;  then  the  mixture,  being  withdrawn  from  the 
crucible,  must  be  lixiviated  with  a  small  quantity  of  distilled 
water  and  filtered :  the  liquor  obtained  is  now  to  Se  assayed  hr 
the  following  process:  After  it  has  been  neutralized  by  nitric 
acid,  a  solution  of  chloride  of  lime  is  to  be  poured  over  it,  and  the 
liquor  will  not  become  clouded  unless  a  small  portion  of  carbonate 
of  lime  should  be  formed,  which  must  be  separated  by  filtration ;  then 
a  little  ammonia  must  be  added,  and  if  a  white  precipitate  is  formed  is 
consequence  of  this  addition,  it  will  be  a  proof  that  the  ore  contained 
phosphorus,  the  white  precipitate  being  phosphate  of  lime. 

The  analysis  of  copper  ore  by  the  moist  method  is  effected  l>y 
treating  the  roasted  mineral  with  nitric  acid,  and  by  adding  ■F^ipft"** 
in  excess,  the  oxide  of  copper  will  be  dissolved,  and  the  other  metalbc 
oxides  partly  precipitated;  then  the  alkaline  solution  of  the  mctsl 
after  being  filtered,  is  to  be  saturated  by  an  acid,  and  the  copper  ar 
be  precipitated,  in  the  metallic  state,  by  plates  of  polished  iron. 

The  moist  method  of  assay  may  be  employed  in  analynni^  the  oc« 
of  lead,  and  the  products  of  the  foundries.  The  roasted  ores  must  fct 
dissolved  in  nitnc  acid  somewhat  lowered,  and  the  solution  is  to  be  c- 
luted  with  water,  and  precipitated  by  a  sufficient  quantity  of  sob* 
soluble  sulphate,  wliich  forms  with  the  oxide  of  lead,  sulphsteof  k*i 
The  precipitate  being  washed  and  dried,  always  contains  sixtj.ei?s 
per  cent«  of  metal.  In  this  mode  of  assay  the  silver  which  mav  V 
contained  in  the  ore  will  also  be  precipitated  in  the  state  of  solphifr 
When  it  is  necessary  to  assay  sulphates  of  lead,  either  alone,  c 
mixed  with  other  substances,  the  muriatic  must  be  employed  instts: 
of  the  nitric  acid  * 

Solutions  of  the  various  metals  may  be  tested,  and  their  natc!% 
ascertained  to  a  certain  extent,  by  observing  tiie  effects  of  tk 
addition  of  certain  bodies  called  reagents,  and  noting  the  cokc:^ 
and  other  sensible  properties  of  the  precipitates  thence  produced 

•  M^taUurgie  Pratique,  pp.  47, 61,  59. 
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Thas  tincture  of  nutgalls  tarns  the  solution  of  iron  black,  and 
the  solution  of  lead  white,  and  with  other  metallio  solutions,  yields 
green,  yellow,  brown,  or  blue  precipitates.* 

METALLUaOIC  FROCESSB8  FOR  THE  REDUCTION  OF  MINERALIZED  METALS. 

I3ie  operations  requisite  for  obtaining  metals  in  a  pure  state  from 
their  several  ores  constitute  the  proper  subject  of  metallurgy.  The 
methods  adopted  for  effecting  the  reduction  of  metals,  must  necessarily 
be  varied  according  to  the  nature  of  the  metal  to  be  obtained  in  any 
given  case,  and  that  of  the  substances  with  which  it  may  happen  to  be 
blended.  Hence  a  diversity  of  processes  will  be  required,  even  with 
regard  to  a  single  metal.  Tney  may,  however,  all  be  referred  to  three 
kinds,  like  those  of  docimasy,  consisting  of  mechanical  operations, 
chemical  operations  in  the  dry  way,  or  by  means  of  fire,  and  opera- 
tions in  the  moist  way,  chiefly  oy  employing  mineral  acids.  But  in 
almost  all  processes  for  obtaining  metals  from  their  ores,  the  me- 
chanical and  chemical  methods  are  more  or  less  combined  according  to 
circumstances. 

Metallurgic  chemistry  includes  the  art  of  forming  compound  metals, 
or  alloys,  some  of  which  are  more  serviceable  for  certain  purposes  than 
any  of  the  simple  metals.  This  branch  of  knowledge  it  will  be  per. 
ceived,  affords  an  extensive  field  for  research,  presenting  to  our  notice 
many  subjects  extremely  interesting,  not  only  to  artists  and  men  of 
Acience,  but  especially  to  all  persons  engi^ed  in  the  study  of  mine- 
ralogy and  geology.  In  the  few  remaining  pages  to  be  devoted  to 
metallurgy,  nothing  more  can  be  attempted  than  the  introduction  of 
some  general  notices  of  the  processes  employed  in  the  reduction  and 
refining  of  the  principal  metals,  and  in  the  formation  of  the  most 
useful  alloys,  such  chiefly  being  selected  as  may  tend  to  show  the  con- 
xiezion  between  the  subject  before  us,  and  the  other  branches  of  science 
Co  which  this  volume  relates. 

*  In  Dr.  Henry's  Elements  of  Chemistry,  vol.  ii.,  is  given  a  table  of  pred- 
nitates  thrown  down  from  metallic  solutions  by  the  following  reagients: 
(1.)  Pmsaiated  Alkalies  {  (s.)  Tincture  of  (Jalls ;  (3.)  Water  impregnated  with 
Sulphuretted  Hydrogen}  (4.)  Hydrosulphurets. 

O  t 
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Reduction  of  Ores  containing  Gold, 

As  gold  is  nut  found  mineralized,  or  in  the  state  of  proper  ore,  bat 
either  pure,  or  else  combined  with  some  other  metal  to  form  an  aUoy, 
the  metallurgic  processes  for  reducing  it  are  in  general  less  com* 
plicated  than  in  most  other  cases.  This  metal  is  derired  from  two 
sources,  being  either  mixed  with  sand,  gravel,  and  earthy  matter,  ia 
valleys,  ravines,  and  the  beds  of  rivers,  or  occurring  in  yeins,  and  pro- 
cured by  mining  like  metals  in  general.  The  modes  of  treatmeDt 
requisite  to  procure  gold  in  a  state  of  purity,  rary  according  to  the 
state  in  which  it  is  found  in  the  situations  just  mentioned. 

Gold  obtained  from  alluvial  soils  in  pallets  or  grains,  may  be  sepa- 
rated more  or  less  from  the  substances  hy  which  it  is  contaminated  br 
washing.  This  operation  is  performed  frequently  on  the  spot  where  it 
is  procured.  Thus  the  gold^seekers  sometimes  wash  the  auriferous 
sands  in  a  sieve  held  in  the  hand ;  or  else  use  inclined  tables,  whicb 
being  covered  with  coane  woollen  oloth  or  rough  hairy  hides  of  aoi- 
mals,  the  earth  and  sand  taken  up  in  small  quantities  is  thrown  on  tlte 
table,  over  which  a  stream  of  water  being  poured  or  conducted,  the 
lighter  substances  are  washed  away,  and  the  particles  of  gold  detained 
by  their  superior  weight  on  the  surface  of  the  cloth  or  slan.  But  ^ 
method  has  the  inconvenience  of  not  seiNffating  the  heaTier  portions  ot 
gravel  which  become  entangled  among  the  hair  or  wool  tc^ether  wid 
the  metal.  The  gold  thus  obtained  maybe  further  purified,  ac^yrdiM 
to  circumstances}  by  amalgamation  with'mercury,  or  by  capellation. 

Grold  is  also  found  pure  in  veins,  but  sometimes  in  a  state  of  minaai 
division,  and  so  blended  with  other  bodies,  as  to  require  rarioos  ope* 
rations  for  its  extraction.  It  is  thus  procured  in  Hungary,  and  in  tki 
case  the  whole  contents  of  the  vein  holding  small  particles,  or  strings 
or  little  nests  of  native  gold,  are  brought  to  the  surface,  broken  iati 
small  pieces,  and  carefully  sorted,  the  grains  where  perceptible  beisc 
detached  from  the  matrix,  which  is  chiefly  quartz.  The  poorer  pares 
are  then  stamped,  by  beams  of  wood  shod  with  iron  at  the  low«r 
extremity,  worked  by  a  water-wheel,  and  thus  the  ore  is  crashed  to  > 
powder  upon  an  iron  plate.    This  powder  is  damped  by  throwisf 
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water  oontftiiiing  salt  upon  it ;  and  a  quantity  of  mercury  being  put 
into  a  bag  of  porous  leather  is  forced  tbrougn  the  pores,  and  dropping 
on  the  damped  powder  in  a  minutely  divided  state,  is  kneaded  up  with 
it.  The  paste  containing  mercury  and  gold  thus  incorporated,  is  after- 
wards heated  in  a  proper  vessel  to  about  the  temperature  of  boiling 
water  for  three  or  n>nr  days ;  the  mixture  is  then  washed  carefully  by 
small  parcels  at  a  time,  so  that  the  earthy  particles  are  washed  off, 
leaving  only  the  amalgam  of  mercury  and  gold.  Pak  of  the  mercury 
is  then  separated  by  pressure  in  a  leaUiern  bag,  and  the  rest  is  driven  off 
by  distillation,  leaving  behind  the  gold,  and  also  any  portion  of  silver 
with  which  it  may  be  alloyed.  When  gold  occurs  in  a  matrix  con- 
sisting of  iron  pyrites,  galena,  &o.,  in  which  the  gold  exists  m  in- 
'visible  particles,  the  masses  of  ore  are  broken  by  hand  into  small 
pieces,  and  then  placed  beneath  the  stamps  to  be  reduced  to  powder, 
which  is  carried  by  a  stream  of  water  to  a  series  of  pits,  in  which  the 
heaviest  particles  subside,  the  lighter  earthy  matter  being  carried  away 
by  the  current.  After  repeated  washings,  the  metallic  parts,  consisting 
principally  of  iron  pyrites  and  galena,  are  roasted  in  a  reverberatory 
furnace,  with  a  proportion  of  quicklime,  at  a  red  heat,  but  not  so  as  to 
fuse  the  mass,  until  part  of  the  sulphur  is  driven  off;  the  fire  is  then 
increased,  and  the  whole  brought  to  a  state  of  thin  fusion,  and  theo  let 
out  into  a  mould  of  sand.  During  the  fusion  the  iron,  on  account  of 
its  strong  afllnity  for  sulphur,  resumes  the  portion  of  which  it  had  been 
deprived  by  previous  roasting,  by  decomposing  the  sulphurets  of  lead, 
eopper,  &c.,  with  which  it  is  mixed  ;  in  consequence  of  which  these 
metals,  by  specific  gravity,  fall  in  drops  through  the  vitreo-ferruginous 
scoria,  carrying  with  them  the  gold  and  silver,  and  uoite  at  the  bottom 
in  a  dense  metallic  mass.  Hence  the  pig  that  is  formed  in  the  mould 
of  sand  is  found  to  consist  of  two  parts  adhering  to  each  other,  but 
easily  separable  by  the  hammer ;  the  uppermost  and  largest  portion  is 
composed  of  cellular  scoris,  beneath  which  is  a  black  heavy  compact 
mass  containing  the  sold  and  silver,  together  with  lead,  copper,  some 
sulphur,  and  iron ;  tois  is  now  broken  into  small  pieces,  and  roasted 
and  fused  once  or  twice  more,  until  the  sulphur  and  other  impurities 
are  separated,  leaving  nothing  but  the  gold,  silver,  lead,  and  copper. 

The  separation  of  gold  from  lead  is  effected  by  cupellation.  The 
cupel  or  test  is  a  porous,  infusible,  earthy  mass,  with  a  hollow  coo- 
cavity  at  the  top  for  the  reception  of  the  metals;  this  being  placed  in 
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a  furnace,  so  as  not  to  be  in  contact  with  the  bnniing  fuel,  and  a 
current  of  air  at  the  same  time  passing  over  the  surface  of  the  test,  the 
metal  is  brought  almost  to  a  state  of  ebullition.  At  this  temperature 
the  lead  becomes  changed  to  the  state  of  a  vitreous  oxide,  which, sink- 
ing into  die  pores  of  tbe  test,  leaves  the  gold  behind ;  and  if  the  ore 
contained  silver  and  copper,  subsequent  processes  will  be  Tequirad  to 
effect  their  separation. 

Beduction  of  the  Oret  of  SUver, 

Silver  is  extracted  from  its  ores  either  by  smelting  in  a  manner 
similar  to  that  practised  with  regard  to  other  metals,  or  by  amaigaia. 
tion  with  mercury.  The  processes  carried  on  at  the  extensive  analga' 
mation  works  of  Freyberg.  the  capital  of  the  mining  distriet  of 
Saxony,  and  where  one  chief  advantage  of  this  mode  over  ameltiiig  is 
the  saving  of  fuel,  are  described  with  scientific  minuteness  by  J.  H. 
Vivian,  Esq.,  in  the  Annals  of  Philosophy,  vol.  xxvii. ;  and  an  absbact 
of  this  descriptive  statement  may  be  found  in  the  third  volume  of  Dr. 
Lardner*s  Treatise  on  Manufactures  in  Metals. 

Silver  like  gold  frequently  requires  to  be  subject^  to  the  procosarf 
cupellation,  to  separate  it  from  oxidisable  metals.  This  metibod  s 
purifying  silver  is  adopted  in  Persia,  and  the  following  aoooont  of  a 
as  given  by  Oostad  Muhammed  Ali,  a  Persian,  who  Tisited  tba 
country,  was  published  in  Brande*s  Journal  of  Science,  vol.  viii.: 

Persian  Metallurgical  Proceu  for  the  Purgation  of  5iluer. — ^A  son 
of  basin  is  made,  either  by  excavating  the  ground,  or  by  amnginc 
stones  in  a  circle.  This  is  from  nine  to  twelve  or  fourteen  iaichat 
wide,  and  is  incomplete  at  the  side  in  one  place,  for  the  receptioo  • 
the  fuel,  which  by  its  combustion  is  to  melt  the  metal.  The  fuel  coa- 
sists  of  two  large  and  long  logs  of  wood,  which  are  placed  with  the; 
ends  in  the  aperture  on  the  edge  of  the  basin.  These  enda  are  lighiat 
by  placing  on  them  burning  fuel,  and  then  the  blast  from  a  pair  ci 
bellows  is  directed  so  as  to  pass  across  the  fire,  and  thus  drive  tkf 
flame  and  heat  into  the  basin,  acting  as  a  large  blowpipe*  l«ed  c4*> 
taining  silver,  or  impure  silver  with  the  addition  of  lead,  is  ih« 
placed  in  the  basin,  and  being  soon  melted  and  heated  by  the  flame,  c 
IS  purified  as  by  common  cupellation.  The  litharge  (vitrified  oxide  d' 
lead)  is  forced  off  to  the  sides  as  it  is  formed,  and  either  absorbed  <* 
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lost,  and  as  the  wood  bnrna  away  before  the  blast  of  air,  the  log^  are 
tbmst  onward  until  all  is  consumed ;  then  fresh  logs  are  supplied,  if 
aeceasary,  or  the  process  stopped,  as  may  be  found  convenient. 

'*The  singular  fact  has  been  ascertained,  that  silver  in  fusion 
absorbs  oxygen,  which,  on  solidifying,  it  parts  with ;  and  Gay  Lussac 
says,  that  it  thus  gives  out  twenty- two  times  its  own  volume,  and 
that  the  presence  of  a  very  little  copper  destroys  this  property."* 

The  attraction  of  both  silver  and  copper  when  in  fusion  for  oxygen, 
was  observed  several  years  since  by  Mr.  S.  Lucas,  of  Sheffield,  who 
stated  the  result  of  his  observations  in  a  letter  to  Mr.  Dalton,  pub- 
lished in  the  Manchester  Transactions.  He  found  that  sUver  in  a 
fluid  state  absorbed  oxygen,  not  onlv  from  the  atmosphere,  but  also 
from  other  bodies  which  give  it  out  when  heated,  as  some  of  the  ni- 
trates. If  silver  in  large  quantities,  after  being  exposed  when  melted 
to  a  current  of  oxygen  gas,  or  atmospheric  air,  be  allowed  to  cool  gra« 
dually,  the  surface  first  becomes  solid,  then  soon  bursts,  ebullition 
ensues,  and  an  elastic  fluid  escapes,  driving  before  it  a  portion  of  the 
inlenud  fluid  metal,  and  causing  protuberances  on  its  surface.  Sub- 
stances which  have  a  strong  attraction  for  oxygen  placed  in  contact 
with  the  melted  metal,  prevent  the  ebullition  from  taking  place.  Thus 
charcoal  spread  for  a  few  minutes  on  the  surface  of  the  silver  in 
fusion  absorbs  the  oxygen  which  it  may  have  acquired,  and  no  escape 
of  gas  or  appearance  of  ebullition  then  occurs,  whether  the  metal  be 
cooled  slowly  or  hastily.! 

ReduetUm  of  Crude  Platina, 

Platina  is  never  mineralized,  but  it  is  often  debased  by  intermixture 
with  other  metals ;  and  in  the  state  in  which  it  is  imported  from  South 
America,  the  crude  metal  contains  sUica,  mercury,  gold,  palladium,  rho- 
dium, iridium,  osmium,  iron,  copper,  and  lead,  as  well  as  platina.  This 
last  metal  may  be  separated  from  the  other  bodies  by  the  rollowing  pro- 
cess :  The  mercury  is  to  be  driven  off  by  exposing  the  ore  to  a  con- 
siderable degree  of  heat,  an  operation  which  renders  the  platina  yel- 

*  Donovan's  Treatise  on  Chemistry,  p.  84i. 
t  Jonm.  of  Science,  vol.  iv.  pp.  1(H^,  170. 
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lower,  in  oonsequence  of  the  appearance  of  gnina  of  gold.  Theresidw 
may  be  digested  in  nitro-muriatic  acid,  diluted  with  its  bulk  of  water; 
this  takes  up  gold,  iron,  and  a  little  platina :  if  the  remaining  ore  be 
now  digested  in  nitro-muiiatic  acid,  by  far  the  largest  portion  will  be 
dissolved,  and  there  will  remain  a  black  powder ;  to  the  nitro-muhiik 
solution  add  a  solution  of  muriate  of  ammooia,  which  will  oceaiioB 
the  precipitation  of  the  greater  part  of  the  platina  in  the  state  of  tTerj 
difficultly  soluble  ammonia-muriate,  and  which  may  be  separated  upon 
a  filter.  In  the  filtrated  liquor  immerse  a  plate  of  zinc,  whicb  wi 
throw  down  lead,  rhodium,  palladium,  and  a  portion  of  platina.  die 
lead  may  be  separated  by  very  dilute  nitric  acid  :  dissolve  the  residiM 
in  nitro-muriatie  acid,  add  common  salt,  and  evaporate  to  diyiess. 
this  residue,  composed  of  the  soda-muriates  of  platina,  palladinin  uxi 
rhodium,  is  to  be  digested  in  alc<^ol,  which  dissolves  the  triple  ato 
of  platina  aod  palladium,  but  not  that  of  rhodium,  which  therefo*  it 
thus  separated :  to  the  alcoholic  solution  add  solution  of  muriat  o( 
ammonia,  which  throws  down  the  platina,  and  leaves  the  paUadinm  it 
solution,  which  may  afterwards  be  precipitated  by  ferrocyanatetf 
potassa.  The  insoluble  black  powder,  by  alternate  fusions  with  f 
tassa,  and  boiling  in  muriatic  acid,  may  be  resolved  into  osmioa 
soluble  in  the  alkali,  and  iridium  in  the  acid. 

The  yellow  precipitates  formed  by  the  addition  of  muriate  of  u 
monia  to  the  alcoholic  solution  of  the  salts  of  platina  and  pelladiaa 
consisting  of  ammonia-muriate  of  platina,  must  then  be  eoUectti 
edulcorated  with  warm  water,  and  dried.  It  must  next  be  distxibujiK 
into  saucers,  which  are  to  be  introduced  into  a  small  oven,  and  er 
posed  for  a  short  time  to  a  lo^  red  heat,  in  order  to  drive  off,  by  sB^ 
limation,  the  greater  part  of  the  muriated  ammonia.  When  mfr 
drawn  it  will  form  a  spongy  mass  of  a  grey  colour.  About  half  k 
ounce  of  the  platina  in  this  state  is  to  be  put  into  a  strong  iron  modi 
about  2^  inches  long  by  1^  wide,  and  is  to  be  compressed  as  forcikht 
possible  by  striking  with  a  mallet  upon  a  wooden  pestle,  eut  so  n 
accurately  to  fit  the  mould ;  another  half-ounce  is  then  added  sH 
treated  in  the  same  manner,  and  soon  till  six  ounces  have  been  fbrcet 
into  the  mould :  a  loose  iron  cover,  just  adapted  to  fit  into  the  moak 
is  then  laid  upon  the  platina,  and  by  means  of  a  strong  screw>prei( 
almost  every  particle  of  air  is  forced  out  from  the  metal.  This  is  • 
important  part  of  the  process,  for  if  any  quantity  of  air  is  left  in  ? 
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mass,  the  bar  into  which  it  is  formed  will  be  liable,  in  the  sobsequent 
operations,  to  scale  and  be  full  of  flaws.  The  pressure  being  duly 
made,  the  mould  is  to  be  taken  to  pieces,  and  the  platina  will  be  found 
in  the  form  of  a  hard,  compact  panllelopiped.  It  is  now  to  be  placed 
in  a  charcoal  forge  fire,  ana  exposed  to  the  most  intense  white  heat,  in 
order  completely  to  drive  off  the  remaining  ammoniacal  muriate ;  this 
being  done,  it  is  to  be  quickly  placed  on  a  clear,  bright  anvil,  and 
gently  hammered  in  all  directions  with  a  clean  hammer.  This  must 
be  repeated  several  times ;  after  which  the  mass  will  be  perfectly  com* 
pact,  and  fit  to  be  laminated  or  wrought  in  any  other  manner  that  may 
be  required. 

Reduction  qf  the  Ores  of  Mercury, 

The  metallurgic  treatment  of  mercury  is  very  simple,  and  the  metal 
is  extracted  chiefly  by  two  methods.  The  following  is  the  process 
adopted  in  the  Palatinate.  The  ore  is  to  be  sorted,  pulverized,  and 
mixed  with  quicklime  or  slaked  lime ;  and  the  richer  it  is  in  metal,  so 
much  greater  must  be  the  proportion  of  the  lime.  The  mixture  is 
then  introduced  into  large  cast-iron  retorts,  which  are  placed  in  two 
ranks,  one  above  the  other,  in  a  long  furnace ;  and  each  retort  is  to 
have  attached  to  it  without  luting  a  glass  receiver,  one-third  part  filled 
with  water.  The  furnace  is  then  to  be  heated,  at  first  gently  to  drive 
off  the  moisture ;  after  which,  the  juncture  of  the  vessels  must  be 
closed  with  tempered  day,  and  a  full  red  heat  is  to  be  applied  for 
seven  or  eight  hours.  Iiie  lime  will  combine  with  the  sulphur  con- 
tained in  the  mercurial  ore,  and  the  metal  will  be  volatilized  and  con- 
densed in  the  receiver.  A  different  method  of  proceeding  is  practised 
ftt  Almaden  ;  and  at  Idria,  where  furnaces  of  a  peculiar  construction 
are  used,  and  the  reduction  of  the  metal  is  effected  by  the  oxidation 
and  consequent  separation  of  the  sulphur,  which  forms  sulphurous 
acid,  while  the  mercury  is  sublimed,  and  becomes  condensed  within 
the  apparatus.* 

Reduction  of  the  Ores  of  Iron. 

This  metal  being  found  in  a  state  of  nature,  variously  combined, 
dififerent  processes  are  requisite  to  reduce  it  to  the  metallic  state.  The 

*  See  M^tallorgie  Pratique,  pp.  99<^-80S. 
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smelting  of  iron  is  A  silbjeict  of  national  importanoe,  both  in  Grait 
Britain  and  also  in  other  countries ;  and  hOnce  it  has  not  only  oocopied 
much  of  the  attention  of  writers  on  metallurgy,  but  it  has  likewiae 
furnished  a  topic  for  distinct  and  sometimes  voluminous  treatises.  It 
can  here,  however,  be  but  slightly  noticed,  as  our  limits  will  ody 
admit  of  some  brief  and  general  statements  of  the  peculiar  methods  of 
reducing  this  metal«  Carbonaceous  matter  of  some  kind  is  always 
laigelj  employed  in  smelting  iron  ores ;  and  in  some  foreign  cosa- 
tries,  as  Sweden,  charcoal  is  used  for  that  purpose ;  while  in  Britaii 
there  are  but  few  charcoal  furoaces,  coke  being  generally  employei 
instead  of  it.  The  most  abundant  of  the  iron  ores,  and  that  which  is 
most  lately  used  in  this  countiy,  is  the  common  ironstone*  which  b 
an  impure  carbonate  of  the  metal,  found  in  small  lumps  or  layers  is 
the  day  which  separates  the  beds  of  coal. 

The  ore  is  first  reduced  to  pieces  about  the  siae  of  an  egg,  and  is 
sometimes  roasted  in  cup-shaped  kilns,  having  lighted  coal  at  the  bot- 
tom, on  which  the  iron  ore  is  heaped  so  as  to  fill  the  kiln,  and  tbe 
roasting  is  generally  complete  by  the  time  the  coal  is  consumed.  Men 
commonly,  however,  the  roasting  is  performed  on  the  ground  :  four  t: 
eight  inches  in  thiclmess  of  coal  is  first  laid  down,  on  which  is  plaeee 
a  layer  of  broken  ironstone,  from  eighteen  inches  to  two  feet  thick, 
two  inches  of  small  coal  is  then  laid  on  the  ore,  and  on  this  a  pile  or 
ore  diminishing  in  size  so  as  to  form  a  ridge  at  tiie  top,  and  the  whok 
is  then  covered  with  small  coal  and  coal-dust.    The  pile  is  at  bot- 
tom from  thirty  feet  to  sixty  yards  long,  ten  to  sixteen  feet  wide,  aec 
about  five  feet  high.    The  lower  stratum  of  coal  is  then  lighted,  f^ie£ 
by  degrees  lights  the  whole  mass.    In  a  few  days  the  ironstone,  wbct 
cool,  becomes  of  a  r^  or  reddish-brown  colour ;  and  the  anlphor,  cv- 
bonic  acid,  water,  and  inflammable  matter  being  driven  off,  it  is  fit  k 
the  smelter.    The  furnace  in  which  it  is  smelted  is  upwards  of  hsQ 
feet  high,  and  is  built  of  the  strongest  masonry,  externally  of  the  faa 
of  a  truncated  four-sided  pyramid,  internally  of  a  peculiar  fignre,  id^ 
lined  partly  by  fire-bricks  and  partly  by  sandstone ;  and  into  whiek 
when  charged,  air,  in  a  high  state  of  compression,  and  mcnetmm 
heated  previously,  is  forced.    This  is  a  blast  furnace,  and  is  cbaiftc 
at  the  chimney  by  regular  intervals  with  coke,  iron  ore,  and  UmestB'- 
in  the  proportion  of  about  4  of  the  first,  S^  of  the  second,  and  1  of  t» 
third  by  weight;  and  is  always  kept  so  charged  to  a  certain  heigit 
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In  Bomewbat  more  than  forty-eight  hours  the  whole  runs  down,  and 
the  iron  being  melted,  is  suffered  to  flow  out  into  furrows  made  in 
sand,  where  it  forms  pig  iron ;  or  into  a  large  reservoir,  whence  it  is 
poured  by  means  of  ladles  into  moulds,  formug  all  the  Tarious  articles 
of  oast  iron  ware,  firom  cannon  and  steam-engine  boilers  to  fire-grates 
and  common  iron  pots. 

There  are  several  varieties  g(  iron  to  be  found  in  commerce,  the 
most  important  of  which  are  cast  iron,  wrought  iron,  and  steel.    Of 
east  trofi  there  are  two  principal  kinds,  called  respectively  white  and 
grey  iron.  White  iron  is  rer^  hard  and  brittle,  and  exhibits  a  radiated 
tractore,  being  composed  of  a  congeries  of  lamina,  variously  aggre- 
gated.    Acids  act  upon  it  but  slowly.    Grey  or  mottled  iron  is  softer 
and  less  brittle  than  white,  so  that  it  admits  of  being  bored  or  turned 
in  a  lathe.  The  texture  of  the  metal  gives  it  the  appearance  of  bundles 
of  minute  fibres.    Cast  iron,  after  haviog  been  in  some  degree  refined 
by  fresh  fusion,  in  contact  with  charcoal,  is  converted  into  wrought 
iron  by  a  process  in  this  country  called  puddling.   The  cast  iron  is  put 
into  a  reverberatory  furnace,  and  when  in  the  state  of  fusion  it  is  agi- 
tated, so  that  every  part  of  the  mass  may  be  exposed  to  the  air  and 
flame.     After  some  time  the  melted  metal  heaves,  a  blue  flame  issues 
from  its  surface,  it  gpradually  grows  tough,  loses  its  fusibility,  and  be- 
comes pulverulent.    The  fire  is  then  increased,  so  that  the  particles 
tkgain  agglutinate  at  a  welding  heat,  and  are  wrought  up  into  separate 
masses,  which,  while  intensely  heated,  are  passed  successivelv  between 
rollers,  and  a  quantity  of  carbonaceous  matter  being  pressed  out,  the 
metal  is  rendered  malleable.    The  flattened  masses  cut  in  pieces  are 
then  placed  in  parcels  in  a  reverberatory  furnace,  stronglv  heated,  and 
agsia  hammered  or  rolled  out  into  bars.    The  iron  is  thus  rendered 
more  tough,  flexible,  and  malleable,  but  at  the  same  time  almost  infu- 
sible, and  in  this  state  it  appears  to  be  nearly  pure.   A  bar  of  wrought 
iron,  when  its  texture  is  examined,  displays  a  fiiscionlated  appearance, 
tbe  fibres  extending  longitudinally,  as  may  be  perceived  in  a  bar  of 
wroug^ht  iron  that  has  been  torn  asunder.    Steel  is  a  compound  of  iron 
and  carbon,  the  latter  in  small  proportion,  and  it  is  not  improbable  but 
it  may  also  contain  silicon.    It  partakes,  to  a  certain  extent,  of  the 
properties  of  cast  iron  and  wrought  iron,  being  fusible,  like  the  former, 
and  malleable,  Uke  the  latter.    When  it  is  heated  and  suddenly  cooled 
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it  becomes  hardened,  and  by  proper  management  it  may  tfans  be 
yarionaly  tempered  to  form  cutting  instraments,  and  for  other  par- 
poses.  When  steel  is  kept  for  a  long  time  in  a  state  of  fusion,  its  car* 
bon  is  dissipated,  and  it  becomes  reduced  to  the  state  of  pare  iroo. 
Iron  is  converted  into  steel  by  a  process  termed  cementation,  which 
consists  in  submitting  iron  with  charcoal  in  alternate  layers  to  the 
action  of  heat  in  a  close  furnace  for  several  days.  Cast  steel  is  pre- 
pared by  melting  common  steel  in  a  crucible,  with  a  flux  composed  of 
carbonaceous  and  vitrifiable  ingredients.  It  is  still  more  highly  cv* 
bonized  than  common  steel,  as  well  as  more  brittle  and  fusible  ;  and 
being  harder,  of  more  uniform  texture,  and  of  more  compact  grain,  it 
is  adapted  for  all  the  finest  articles  of  English  cutlexy.  Iron  in  the 
process  of  its  conversion  into  steel  acquires  a  blistered  surface,  and 
in  this  state  it  is  used  for  some  purposes  under  the  name  of  blisUrei 
steel.  This,  when  made  into  smaller  bars  and  hammered,  forms  tVud 
steel ;  which,  when  broken  up,  heated,  welded,  and  again  drawn  oat 
into  bars,  forms  sheer  steeL 
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The  only  ore  from  which  tin  is  procured  in  this  country  is  an  oxid», 
found  interspersed  through  some  parts  of  the  mineral  veins  in  Con- 
wall,  in  small  crystals,  accompanied  by  masses  of  slate  or  giwntr. 
Bulphurets  of  iron  and  of  copper,  and  arsenical  p3rrite8,  qusita,  aod 
occasionally  tungstate  of  iron  and  other  minerals.  It  is  cominonh 
blasted  by  gunpowder,  and  brought  to  the  surfieu^e  in  pieces  of  cons' 
derable  size,  which  are  stamped  to  a  fine  powder,  till  the  ore  has  ^ 
appearance  of  slime,  and  it  is  afterwards  washed  on  a  wooden  firaat 
termed  a  huddle  ;  the  stream  of  water  carrying  off  the  lighter  eaitbt 
particles,  and  leaving  the  more  weighty  grains  of  tin,  whieh,  afte 
repeated  washings,  are  reduced  to  a  state  fit  for  the  8melting«liou» 
Being  still  mingled  with  other  substances,  it  is  in  this  state  temec 
black  tin.  This  is  roasted  at  a  low  red  heat,  in  a  reveiberatory  ftff- 
naee,  to  volatilize  the  arsenic  and  sulphur.  It  is  then  of  an  oefarer  red 
colour,  owing  to  the  oxidation  of  the  iron  and  copper.  It  is 
washed,  and  the  impurities  separated  from  it ;  and  it  ia  '* 
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by  placing  it  in  a  reverberatory  furnace,  about  7  feet  long  and  3^  wide, 
from  r  to  15  hundredweight  of  the  roasted  ore  being  mixed  with  about 
oue-fifUi  of  Welsh  culm  (small  coal),  and  in  some  cases  a  small  quan- 
tity of  slaked  lime,  the  whole  being  turned  over  and  moistened  with 
water ;  a  brisk  fire  is  then  applied  for  about  six  hours,  the  tin  sinkiog, 
as  it  becomes  reduced  to  the  bed  of  the  furnace,  beneath  a  surface 
coating  of  boiling  black  scoriae.    The  furnace  is  then  tapped,  and  the 
melted  tin  suffered  to  flow  into  a  small  cavity  at  the  foot  of  the  fur- 
nace. When  that  is  done,  the  scorite  are  raked  off,  and  a  new  charge  of 
roasted  tin  ore  and  culm  thrown  in.    When  the  metal  in  the  pit  is  red- 
hot,  it  throws  up  a  quantity  of  slag,  yery  rich  in  metal,  which  is  imme- 
diately returned  into  the  nimaee ;  and  when  the  melted  tin  is  become 
sufficiently  cool,  it  is  tak^i  out  wiU)  iron  ladles  and  poured  into  moulds 
of  granite,  where  it  consolidates,  each  charge  afibrding  on  an  average 
from  four  to  five  hundredweight  of  metal.    The  melted  tin  thus  pro- 
cared  is  next  placed,  without  any  addition,  in  a  small  reverberatory 
furnace,  and  exposed  to  a  very  gentle  heat ;  the  purest  part  which 
melts  first  is  drawn  off,  forming  the  common  grain  tin  ;  the  more  re- 
fractory part,  containing  a  smaU  and  rariable  proportion  of  copper  and 
arsenic,  is  then  melted  and  cast  into  pigs  of  common  tin,  or  block  tin. 
The   finest  grain  tin,  however,  is  procured   from  the  stream-tin 
ore,  so  termed  because  it  consists  of  the  loose  ciystals  of  oxide  of  tin 
found  in  the  rubble  or  aUuvial  soil  in  some  of  the  low  grounds  of 
Cornwall,  having  been  washed  thither  by  streams  of  water.    These 
are  free  from  the  impurities  of  vein-tin  ore,  and  the  metal  is  conse- 
quently mora  perfectly  redaced«  and  by  more  simple  processes. 


Reduction  of  the  Oree  ef  Copper. 

The  copper  ore  of  Cornwall,  from  which  the  metal  is  generally  pro- 
cured in  this  country,  is  the  yellow  sulphuret,  a  combination  of  copper 
with  sulphur  and  iron.  The  next  ore  which  occurs  most  abundantly 
is  the  sulphuret,  containing  about  eighty  per  cent,  of  copper.  The 
oxides*  carbonates,  and  arseniates  of  copper,  are  also  found  here,  but 
in  snk^ler  quantities,  and  they  are  of  less  importance.  Both  arsenic 
and  sulphur  adhere  strongly  to  copper ;  and  as  a  small  proportion  .of 
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either  renders  the  metal  brittle  and  difficult  to  work,  peculiar  attentica 
is  necessary  in  the  reduction  of  copper  ore,  in  order  that  these  sab- 
stances  may  be  separated. 

The  reduction  of  copper  ore  is  completed  by  means  of  eight  pnn 
cesses.    The  first  is  that  of  calcining  in  a  rererberatory  furnace,  about 
17  feet  by  19,  with  a  bottom  or  bed  made  of  fire-bricks.    The  dbinuuf 
is  from  40  to  50  feet  high,  which  causes  such  a  powerftil  draught  tint 
the  arsenic  and  sulphur,  separated  in  roasting  the  ore,  pass  almost 
wholly  through  the  chinmey  into  the  open  air.    About  three  tons  of 
the  ore  are  spread  over  the  bottom  of  the  furnace,  being  thrown  is 
at  the  top,  through  a  kind  of  funnel  or  hopper.    The  fuel  is  Welab 
coal,  which  is  burnt  at  the  anterior  part  of  the  fiimace,  and  its  flime 
passes  over  the  surface  of  the  ore  in  its  passage  to  the  chimney.  Is 
this  furnace,  which  is  called  the  calcining  furnace,  the  ore  is  roaaledt 
without  addition,  with  a  duU  red  heat  for  twelve  hours,  being  (n- 
quently  stirred  with  a  long  iron  rake,  to  expose  fresh  surfaces  to  tbe 
action  of  the  flame.    The  ore  is  not  melted  here ;  but  when  loasled 
sufficiently  to  oxidate  the  iron,  and  convert  the  sulphur  into  salphuioes 
acid,  it  undergoes  the  second  process,  namely,  that  of  being  melted ;  and 
for  this  purpose  is  carried  to  another  furnace,  about  11  feet  by^  8,  and 
here  it  receives  a  fusing  heat,  but  still  without  any  addition,  except  a 
little  slag,  or,  when  the  ores  are  very  sullen,  a  little  fluor  spar  to 
assist  the  fusion.    When  the  ore  is  melted,  the  liquid  mass  is  wd 
stirred,  and  afterwards  the  slag  is  raked  from  its  surface.     More  cat* 
cined  ore  is  then  added,  and  when  the  furnace  is  full  it  is  tapped. 
and  the  melted  metal  flows  into  an  adjoining  pit  full  of  wvter,  bv 
which  means  it  becomes  granulated.    The  metal  in  this  state  contui^ 
about  one-third  of  copper,  and  consists  of  copper,  sulphur,  and  iroc 
Five  charges  are  melted  in  twenty-four  hours.    In  the  third  opeimtioa 
the  granulated*  metal  is  calcined  to  oxidate  the  iron,  and  it  remaias 
twenty-four  hours  in  the  furnace ;  during  which  it  is  often  stirred  uA 
turned  about,  the  heat  being  at  first  moderate,  but  g^radually  increased 
The  fourth  process  is  that  of  melting,  after  calcination,  in  the  smC 
furnace,  some  slags  from  the  last  operation  being  added,  and.  piecei  < 
furnace  bottoms  impregnated  wilh  metal  in  the  form  of  oxide  ofoopptf. 
which  become  reduced  during  this  process;  the  oxygen  of  the  copftf 
eombining  with  the  sulphur  passes  off  as  sulphurous  acid  gaa,  wbik 
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the  reduced  metal  enters  into  combination  with  tbe  salphuret.    llie 
slags  being  skimmed,  the  melted  metal  is  either  tapped  and  suffered 
to  run  into  water,  where  it  is  granulated,  or  else  into  sand  beds, 
where  it  becomes  solid.    Its  produce  in  fine  copper  is  now  about  60 
per  cent.    The  fifth  process  is  that  of  again  subjecting  the  metal  to 
the  same  mode  of  calcination  as  in  the  third  process.     The  sixth  pro- 
cess consists  in   the  melting  again  of  the  metal,  as  in  the  fourth 
process,  and  the  result  is  a  coarse  copper,  containing  from  80  to  90 
per  cent,  of  pure  metal.     In  the  seventh  process  the  metal  is  roasted 
in  the  smaller  furnace,  chiefly  to  oxidate,  and  finally  to  expel  the 
volatile  substances.  From  25  to  30  per  cent,  of  metal,  by  this  process, 
becomes  fused  at  the  end  of  the  operation,  which  continues  from 
twelve  to  twenty*four  hours,  according  to  circumstances.    The  metal 
is  then  tapped  into  sand  beds,  and  the  pigs  in  this  state  are  termed 
blistered  copper.    It  is  now  fit  for  the  refinery.    The  eighth  process 
ia  that  of  vefining  or  toughening.    This  appears  to  be  a  delicate  pro- 
cess, the  success  of  which  depends  on  several  circumstances  that  are 
judged  of  principally  by  the  eye  of  the  workman.    It  is  conducted  in 
a  iiimace  similar  to  that  for  melting ;  and  the  chief  object  appears  to 
be  that  of  abstracting  from  the  nearly  pure  metal  the  last  portions  of 
oxygen,  which  is  effected  by  adding  charcoal  to  the  metal  while  in 
fusion,  and  stirring  it  occasionally  with  a  pole  of  birch-wood,  uuti) 
the  operator  judges  it  to  be  pure. 


Redtkction  of  Ore  rf  Lead. 

The  principal  part  of  the  lead  procured  in  this  country  is  derived 

from  tbe  ore  called  galena,  which  is  a  sulphuret  of  lead.    Other  ores, 

as  the  carbonate,  the  sulphate,  and  the  oxide  of  lead,  are  occasionally 

mixed  with  the  ^ena,  which  also  frequently  contains  some  silver,  and 

when  the  quantity  is  sufficient  to  pay  for  the  expense  of  separating  it, 

that  process  is  emcted  by  exposing  the  roasted  sulphuret  to  the  action 

of  air  and  heat,  in  shallow  earthen  dishes.    The  lead  thus  becomes 

oxidated,  or  converted  into  litharge ;  while  the  silver  is  left  bebinfl, 

retaining  the  metallic  form.    The  litharge  is  afterwards  reduced  by 

fuMMDg  it  with  charcoal. 
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In  the  usual  process  for  the  smelting  of  lead  ore,  the  galena  being 
freed  bj  the  hand  and  the  hammer  from  all  sueh  impurities  as  can  be 
readily  separated  from  it,  is  beaten  into  small  pieces,  and  after  re- 
peated washings  and  cleansings,  is  placed  in  a  reverberatory  liinice 
at  a  low  red  heat  for  some  hours,  to  drive  off  the  sulphur  and  arsenic, 
without  fusing  the  lead  j  and  when  the  flame  on  the  surface  has  changed 
from  blue  to  a  reddish  white,  the  roasting  is  considered  as  finished, 
the  lead  being  converted  into  an  oxide.  The  reverberatory  fnniioe 
commonly  used  is  about  10  feet  long  and  6  feet  wide  internally,  ud 
about  2^  feet  deep  ;  the  fireplace  being  at  one  end,  from  which  the 
flame  rises  into  the  furnace.  The  quantity  of  ore  usually  thrown  into 
the  furnace  at  once  is  sixteen  hundredweight,  of  one  hundred  uA 
twenty  pounds  each,  which  quantity  is  spread  over  the  floor  of  the 
iiimace,  and  the  doors  are  then  closed.  The  roasting,  as  above  men- 
tioned, being  completed  in  a  moderate  heat,  a  small  quantity  of  chai- 
coal  IS  added,  the  doors  closed,  and  the  reduction  completed ;  the  leai 
in  a  reduced  state,  lyin^  at  the  bottom  of  the  furnace,  coTerad  by  t 
slag  two  or  three  inches  in  thickness,  the  slag  is  then  tapped  and  mm 
off,  and  is  used  for  mending  the  roads.  Some  quicklime,  in  powder, 
is  now  thrown  down  upon  the  metal  in  a  state  ox  fusion,  which  serrei 
to  raise  and  cake  the  remaining  slag ;  which,  by  means  of  a  rafo, 
is  taken  from  the  surface,  and  is  nearly  black,  and  very  heavy.  The 
lead  is  then  suffered  to  run  out  of  the  furnace  into  a  pan,  and  the  acaa 
or  dross  being  taken  from  the  surface  is  thrown  back  into  the  fomae^ 
the  lead  is,  lastiy,  ladled  from  the  pan  into  iron  moulds,  and  left  t 
cool.  All  of  these  operations  are  repeated,  by  means  of  two  sen  <s 
workmen,  during  every  seven  or  eight  hours. 


Reduetum  of  the  Orts  of  Zinc, 

The  ore  of  anc,  whether  calamine  or  blende,  is  first  broken 
•mall  pieces,  and  the  galena,  pyrites,  and  other  impurities  are 
as  exactly  as  possible  by  the  hand ;  it  is  next  calcined  at  a 
red  heat  in  a  reverberatory  furnace,  by  which  the  calamine  m  itmt 
from  its  carbonic  acid,  or  the  blende  from  most  of  its  sulphur.  It  « 
then  washed,  by  which  the  lighter  earthy  parts  are  separated  from  t> 
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metallic  oxide,  which  latter  being  dried  is  well  mixed  with  one-eighth 
its  weight  of  charcoal,  bj  grinding  the  ore  and  charcoal  together  in  a 
mill,  88  a  preparation  for  smelting.     The  fnmace  in  which  the  reduc- 
tion is  performed,  is  of  a  circular  figure,  somewhat  like  that  of  a  glass- 
house ;  in  it  are  fixed  six  large  earthen  pots  or  crucibles,  about  four 
feet  high,  nearly  of  the  shape  of  oil*jars;  into  the  bottom  of  each 
crucible  is  inserted  an  iron  tube,  that  passes  through  the  arched  floor 
of  the  furnace,  and  dips  into  a  vessel  of  water  placed  beneath,  while 
the  other  end  of  the  tube  rises  inside  the  crucible,  to  within  a  few 
inches  of  its  top.    These  crucibles  are  filled  up  to  the  level  of  the 
tube  with  the  mixture  of  roasted  ore  and  charcoal,  the  cover  of  each 
is  verj  accurately  luted,  and  the  furnace  is  charged  with  fuel,  hy 
which  an  intense  beat  is  kept  up  for  several  hours.    The  zinc,  as  it  is 
reduced,  ascends  to  the  top  of  the  pot  in  the  form  of  vapour,  and 
being  prevented  firom  escapmg  by  the  closely  luted  cover,  it  descends 
through  the  central  iron  tube  into  the  water,  and  is  condensed  in  small 
drops  or  globules,  which  are  afterwards  melted  and  cast  into  ingots. 

Common  zinc  generally  contains  a  little  lead,  copper,  arsenic,  iron, 
manganese,  and  probabljr  plumbago,  which  often  considerably  impairs 
the  quality  of  the  alloys  into  which  it  enters.  In  order  to  get  rid,  in 
part  at  least,  of  these  impurities,  the  common  practice  is  to  melt  the 
sine  in  a  crucible,  and  then  to  stir  into  it,  by  means  of  a  stick  or 
earthen  rod,  a  mixture  of  sulphur  and  fat ;  the  latter  of  these  pre- 
serves the  zinc  from  oxidation,  while  the  former,  uniting  with  all  the 
metals  present,  except  the  zinc,  converts  them  into  sulphurets,  which, 
rising  to  the  top,  form  scories  that  may  be  skimmed  off  3  this  is  to  be 
repeated  as  long  as  any  scorisB  appear  on  the  surface. 


The  only  metals  which  have  been  extensively  applied  to  purposes  of 
utility  in  the  reguline  or  metallic  state,  are  those,  the  modes  of  re- 
ducing which  have  been  described  in  the  preceding  pages.  Besides 
these,  however,  the  metals  called  nickel,  palladium,  and  rhodium, 
have  recently  been  employed  by  artists,*  though  only  to  a  very  limited 

«  See  Treatise  on  Chemistrf,  pp.  157, 100* 
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extent ;  and  antimony,  arsenic,  and  biemnth,  tbongh  not  used  alone 
in  the  arts,  jet  serve  by  their  combinations  with  certain  otiber  metals 
to  form  valuable  alloys. 

Gold  in  a  state  of  absolute  purity  is  so  soft  and  pliable,  that  though 
it  possesses  a  high  degree  of  tenacity,  it  is  by  no  means  so  well 
adapted  for  technical  purposes  as  some  of  its  alloys.  The  addition  of 
copper  to  this  metal  renders  it  much  harder  than  Wore,  and  gives  it  a 
deeper  colour.  Silver,  on  the  contrary,  communicates  to  £^ld  i 
lighter  tint ;  and  the  mixed  metal  met  with  in  commerce  called  "  gilded 
ingots,"  consisting  of  silver  alloyed  with  a  little  gold,  is  as  white  k 
pure  silver.  The  gold  coin  of  most  European  nations  contains  silver 
or  copper,  or  both  those  metals.  The  standard  or  sterling  gold  of  this 
country  is  composed  of  twenty-two  carats,*  or  parts  of  pure  g^d,  tad 
two  or  copper,  which  proportions  appear,  from  the  experunents  of 
Mr.  Hatchett,  to  form  the  best  alloy  for  the  purpose  to  which  it  L< 
appropriated,  resisting  the  influence  of  friction  better  than  any  otkei 
which  had  been  tried.  Besides  jewellers'  gold,  which  ought  t 
be  of  the  new  standard,  or  eighteen  carats  fine,  alloys  of  almost 
every  degree  of  deterioration  are  used  for  making  trinkets  and  other 
articles. 

*'  The  permanence  and  beauty  of  gold  renders  it  a  very  desirvbif 
ornament,  while  at  the  same  time  its  extensibility  enables  us  to  use  i: 
where  its  expense  and  weight  would  otherwise  preclude  its  empWr* 
ment.  Where  gilding  is  performed  upon  metallic  surfaces,  it  >■• 
usually  done  by  a  solution  or  amalgam  of  gold  in  quicksilver.  Th- 
is caUed  water  gilding,  and  the  process  exhibits  an  instance  of  cbe- 


*  The  mode  of  computation  by  carats,  with  reference  to  the  alloys  of  t» 
precious  metals,  has  long  been  employed  in  England.  Every  mass  of  alk^ 
gold  is  supposed  to  be  divided  into  twenty-four  carats,  and  the  relative  qvc 
tity  of  gold  it  contains  is  denoted  by  the  number  of  carats  of  that  metal  ia  tk 
mass;  as  gold  of  twenty-two  carats,  or  standard  gold  for  calii;  goU 
eighteen  carats,  or  gold  of  the  new  standard,  used  for  watch-cases,  &c.  1^ 
method  does  not  so  conveniently  admit  of  the  appreciation  of  various  qtar 
tities  of  alloy,  as  that  adopted  in  France,  where  the  pure  gold  in  alloys  is  eC 
mated  by  thousandth  parts :  thus  gold  of  eighteen  carats,  or  containii^  :  « 
alloy,  would  by  the  French  method  be  said  to  be  of  the  standsuti 
by  .750. 
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mical  attraction,  and  sabsequent  decomposition  by  beat.  Steel  is  itome- 
times  gilded  by  the  ethereal  solution  of  gold.* 

Hilrer  forms  useful  alloys  with  copper,  especially  for  coin  and  plate. 
The  addition  of  a  small  proportion  of  copper  to  silver  renders  the 
metal  harder  and  more  sonorous,  without  materially  impairing  its 
colour.  Englisb  standard  silver  is  composed  of  11.1  of  pure  silver, 
and  .9  of  copper;  or  11  oz.  S  dwts.  of  the  former  metal,  and  18  dwts. 
of  the  latter,  in  a  pound  Troy  weight;  which,  when,  coined,  forms 
sizty-six  shillings.  Copper  is  plated  with  silver  for  various  purposes, 
and  by  means  of  different  processes.  These  metals  may  be  united  by 
a  mode  resembling  tbe  operation  of  welding ;  a  plate  of  silver  being 
applied  to  the  surface  of  one  of  copper,  and  the  mass  compressed  by 
passing  it  between  steel  rollers ;  after  which  it  may  be  worked  into 
diflerent  forms  for  use  or  ornament.  An  inferior  kind  of  plated  copper 
is  formed  by  applying  to  the  surface  of  that  metal  an  amalgam  of 
silver,  and  the  mercury  being  driven  off  by  beat,  the  surface  is  bur- 
nished. The  brass  dials  of  clocks,  and  the  scales  of  barometers  and 
thermometers,  are  silvered  on  the  surface,  by  rubbing  over  them  a 
mixture  of  chloride  of  silver,  chalk,  and  pearlash. 

The  compounds  of  mercury  with  other  metals  are  called  Amalgams. 
That  of  tin  is  extensively  used  for  silvering  (as  it  is  termed)  looking- 
glasses.  For  this  purpose  tin.foil  is  spread  on  a  flat  stone,  and  covered 
with  mercury;  the  glass  is  then  placed  upon  the  metallic  surface,  and 
tbe  excess  of  mercury  being  pressed  out,  the  remainder  amalgamating 
with  the  Isminated  tin  adheres  to  the  glass,  forming  on  the  opposite 
side  of  it  a  brilliant  reflecting  surface.  An  amalgam  of  bismuth 
9  parts,  lead  and  tin  1  each,  and  mercury  4  parts,  is  used  for  silvering 
tbe  interior  of  hollow  glaM  globes.  This  is  effected  by  introducing 
into  tbe  globe  a  small  quantity  of  the  metallic  alloy,  which  is  to  be 
melted  by  immersing  the  globe  in  hot  water,  and  then  by  turning  it 
graduallv  in  all  directions,  the  bright  coating  will  adhere  to  the  inside 
of  tbe  glass.  Zinc  amalgamated  with  mercury  forms  a  composition, 
which  increases  the  electrical  enetgy  of  glass  excited  by  friction ;  and 
it  is  therefore  applied  to  electrical  machines. 

Tin  constitutes  the  basis,  or  enters  into  the  composition  of  various 

*  Brande's  Lect.  on  Min.  Cbem.  in  Joum.  of  Science,  voL  iv.  p.  212. 
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usefol  aUoys.  An  extremely  important  application  of  this  metal,  which 
has  been  carried  to  high  perfection  in  mcMem  times,  is  the  coating  of 
other  metals.    Copper  vesiels  thus  cohered  seem  to  haye  been  cer- 
tainly in  use  among  the  Romans,  and  there  is  reason  to  believe  thu 
they  also  knew  how  to  apply  tiu  in  the  same  manner  to  the  surfitce  of 
iron.  The  process  of  tinning  iron,  or  making  Tin-plate,  consists  chiefly 
in  dipping  sheets  of  iron  into  a  vessel  of  melted  tin,  the  snrface  of 
which  is  prevented  from  oxidation  by  being  cohered  with  melted  tal- 
low.   The  tin  thas  unites  with  the  opposite  surfaces  of  the  iron,  foxm- 
ing  with  it   an  alloy  to   a  slight  depth.    Various  precautions  and 
manipulations  are  requisite  to  ensure  the  complete  success  of  the  ope- 
ration, and  conduct  it  in  the  most  economical  manner,  of  which  amplo 
information  may  be  found  in  a  valuable  paper  on  the  mannfactore  of 
tin-plate,  by  Mr.  Samuel  Parkes.*   The  process  of  tinning  the  interior 
of  copper  vessels  for  culinary  purposes  is  effected  on  similar  prin- 
ciples.   The  copper  surface  is  first  polished,  and  then  coated  with  nl 
ammoniac  and  pitch,  to  prevent  oxidation,  and  the  vessel  being  heated. 
the  tin  finely  divided,  and  also  heated,  is  applied  to  it,  and  adberee  to 
its  superfices.    The  composition  of  Bronze  used  by  the  ancients  is 
casting  medals,  figures  in  teUef,  and  for  other  purposes,  is  not  exacdy 
known ;  and  it  is  probable  that  different  kinds  of  alloy  were  used  bj 
artists  in  different  countries,  and  for  various  purposes.    Tin  and  oo|»> 
per,  however,  appear  to  have  been  the  chief,  if  not  the  sole  con- 
stituents  of  this  alloy;   and  compounds  of  those  metals   are  still 
employed  for  works  of  an  analogous  description.  Gun-metal  and  Bdl- 
metal  are  thus  constituted,  the  proportions  of  tin  and  copper  varying 
according  to  circumstances.     Pewter  is  said  to  be  an  alloj  of  tin  a^ 
copper,  containing  1  part  of  copper  to  20  of  tin :  but  the  compositifla 
of  this  substance  is  extremely  variable.     Common  pewter  consiats  d 
cheaper  materials,  being  formed  of  80  parts  of  tin  and  20  of  lead; 
while  the  finest  pewter  has  been  stated  to  contain  about  12  {»arts  oi 
tin  and  1  of  antimony,  with  a  small  portion  of  copper.     Britanais 
metal,  now  frequently  used  for  making  teapots,  spoons*  and  otb« 
articles,  forming  a  cheap  substitute  for  silver,  much  resembles  tkt 

*  See  Journal  of  Science,  vol.  viii.;  Memoirs  of  the  Manchester  Phfloto^ 
ptaical  Society,  N.  S.,  vol.  ill.  ^^ 
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lastmAntioned  sort  of  pewter.  Its  composition  has  been  thus  stated : 
The  best  block  tin  3§  cwt.,  antimony  28  lb.,  copper  and  brass,  of  each 
81b.  Speculum  metal,  a  brilliant  alloj,  used  for  the  construction  of 
oottcsTe  mirrors  for  reflecting  telescopes,  is  another  alloy  into  the 
composition  of  which  tin  always  enters,  though  its  chief  constituent  is 
copper.  The  grand  object  in  the  formation  of  this  substance  is  to 
obtain  a  reflecting  body  which  shall  yield  a  single  distinct  image,  have 
hardness  to  admit  of  its  being  highly  polished,  and  a  surface  as  little 
flA  possible  liable  to  become  tarnished  by  air  and  moisture.  Various 
metallic  combinations  have  been  employed  for  these  purposes,  by  dif- 
ferent artists  and  experimental  philosophers,  among  which  it  will  be 
suflicient  to  mention  the  alloy  of  1  part  tin  and  2  of  copper,  recom- 
mended by  Mr.  Mudge ;  and  the  more  complex  metal  formed  of  cop' 
per  32  parts,  tin  15  or  16  parts,  and  brass,  arsenic,  and  silver,  each 
1  part 

Lead  when  alloyed  with  other  metals  seems  to  impair  their  tenacity, 
while  it  renders  them  more  fusible.  The  most  useful  of  its  alloys  is 
Type-metal,  composed  of  about  16  parts  lead,  and  1  antimony  aiyd  cop- 
per ;  but  the  proportions,  if  not  the  ingredients  themselves,  differ  in 
different  foundries,  a  good  deal  of  secrecy  being  observed  with  re- 
spect to  the  methods  of  forming  this  compound.  The  chief  object  in 
the  combination  must  be  to  obtain  complete  fusibility,  so  that  when 
cast  the  type  shall  be  perfect,  forming  an  exact  counterpart  of  the 
matrix ;  and  likewise  that  the  letters  may  be  hard  enough  to  wear 
well,  and  stand  their  work  firmly,  having  just  so  much  tenacity  as  to 
break  rather  than  bend,  when  under  the  application  of  great  force.  An 
alloy  of  lead  and  antimony  is  also  used  to  make  plates  on  which  music 
is  engraved. 

Copper  forms  various  valuable  alloys,  the  most  important  of  which 
iM  Brass,  in  which  it  is  combined  with  sine.  This  alloy  is  usually 
produced  by  mixing  granulated  copper  with  calamine  (ore  of  zinc) 
and  charcoal,  and  exposing  the  mixture  to  a  degree  of  heat  sufficient 
to  reduce  the  ore,  and  the  revived  zinc  uniting  with  the  copper  in  a 
state  of  fusion,  the  melted  alloy  is  cast  into  putes.  The  proportions 
of  the  respective  metals  employed  are  variable,  oonstitnting  different 
kinds  of  brass :  but  it  usudlv  contains  from  12  to  18  per  cent,  of 
sine,  according  to  Brande ;  though  Dr.  Thomson  found,  in  the  valu- 
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able  illoj  otlled  Dutch  brut.  70  Mrta  of  oopper,  uid  30  of  aac 
Pinchbeck,  Prioee  Rupert's  metat,  Dut«h  gold.  TombK,  and  Sinilor, 
ue  alloji  compoied  of  copper  and  uuc,  tbe  proportioD  of  the  lum 
mstal  being  amsllei  than  in  brass,  and  hence  tbejr  are  foTmail  br 
the  addition  of  copper  to  braaa.  Tnleoag  i»  said  to  be  an  alloc  </ 
copper  with  lino  and  a  little  iron.     In  a  metallic  iab(buic«  ciiM 
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DB8TITUTB  OF  BVBRr  OTHBE  C0M8IDIBATI0N  THAN  THB  VALUX  OF  TmOTB  f^ 
ALL  THB  WALKS  OF  HUMAN  WISDOM,  MINBRALOOT  IS  BNTITLED  TO  017B  BBOA0- 
THB  BLBMBNT8  OF  VBOBTABLB  AND  ANIMAL  BXI8TBNCE  ABB  THB  O&ySGTS  OF  m 
CONSIDBRATION.  VIBWINO  THB  OBOANIZATION  OF  PLANTS  AMD  AXTIIIALS,  «< 
RBFBR  TO  THB  PRINCIPLB  OF  ANIMATION,  AS  A  VISIBLE  AND  MBDIA&T  AOBHT.lT 
WHICH  OUR  THOUGHTS  ASCBND  TO  THB  OIVBR  OF  LIFB.  BUT  WHSM  WB  BBBOI> 
INBRT  MATTER  ASSUMING  FORMS  THE  MOST  BEAUTIFUL  AND  BBOULAK,  OBKTIX 
THB  STRICTEST  GEOMETRIC  LAWS,  AND  INDICATING  THB  PRESENCB  OP  nCTBLLI- 
GBNCB  THB  MOST  AWFUL— WB,  AT  ONCE,  LOOK  UP  TO  HIM,  WHO  BUkTH  TKCi 
SPOKEN  IN  HIS  HOLINBBS,  AND  WHOSE  **  HANDS  PBEPARBD  THB  DKT 


Dr,  E,  D.  Cktrkes  Lectures  on  Mimermleg9> 


MINERALOGY. 


Tab  oliject  of  thii  Kience  in  to  dewiibe  (li«  rmenl  oomnMitiaD, 
laxacteTSi  Tsrietiei,  forma,  and  combiD*tiona  of  mineral  bodies.    A 


■italiCy.  fbond  c 
f«ptli»  benMttli  it,  in  Teins  or  atcitB,  whicb  are  woiked  foi  tbe  ex- 
raction  of  nch  anbatBiicea,  by  eicaTttiona,  called  minea.  Miaera< 
3gr  IIM7  be  di«tinguiihed  from  CbetDJMrjfaa  relating  to  the  fbnniaDd 
rei/wrde*  of  certain  bodies  aa  they  are  presented  to  na  bv  nKure; 
bile  the  litter  acienee  instmcts  ua  haw  to  proenre  a  mnltitnde  of 
■ti6cial  products,  deriTed  alike  from  tbeinimal,  Tegetable,  aod  mineral 
a^doBa'i  ■"d  to  explore  their  properlira,  eapociallj  as  respects  thniT 
^Som  of  eombinatum.  Hinenlogj  is  likeiriw  to  be  distingniahed 
ttn  C*olog7>  with  which,  Itowerer,  it  ii  intiaiaWly  oodhmMiI.     It  ii 
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« 

the  proTinoe  of  the  geologist  to  investigate  the  general  structure  of  tbe 
earth,  and  tbe  nature  and  arrangement  of  the  great  masses  of  whicbit 
is  composed.  The  mineralogist,  on  the  other  hand,  confines  his  atten- 
tion to  individual  portions  of  unorganized  matter,  distinguished  \» 
peculiar  and  specific  characters.  In  the  study  of  geology  it  is  of  tbe 
utmost  importance  to  be  enabled  to  examine  the  objects  of  resetick, 
til  iUu  t  and  to  ascertain  their  relative  connexion  ana  arrangement  is 
the  formation  of  rocks,  mountains,  phiins,  subterraneous  strata,  and, 
in  general,  of  all  the  great  masses,  the  assemblage  of  which  constituiK 
the  solid  shell,  or  exterior  surfiue  of  the  terrestrial  globe.  The  nature 
and  properties  of  minerals  may  be  investigated  and  ascertained, 
without  any  reference  to  the  situations  in  which  they  are  produced. 

Thus  connected  as  Mineralogy  is  with  Chemistry,  on  the  one  buti 
and  with  Geology  on  the  other,  it  displays  features  sufficientlj  distine 
from  those  of  either;  yet,  at  the  same  time,  the  objects  of  tbcfc 
sciences  so  far  correspond,  that  a  complete  knowledge  of  Minerakr 
cannot  be  obtained  without  a  previous  acquaintance  with  Chemistrr, 
nor  can  the  information  which  these  sciences  united  afford^  relative  t 
the  unorganized  productions  of  nature,  be  applied  to  a  more  exals< 
purpose,  than  that  of  aiding  our  researches  concerning  Geology.* 

Mineral  substances  may  be  discriminated  from  each  other  by  tbe: 
mode  of  ciystallization  or  aggregation,  and  the  optical  properties  d^ 
pending  on  their  peculiar  forms ;  by  their  physical  charactets,  • 
colour,  lustre,  transparency,  hardness,  consistency,  density,  or  spcci: 
gpravity ;  as  also  in  some  cases  by  their  taste  or  odour,  by  their  rer 

*  Hie  necessity  of  exact  mineralogical  knowledge  to  the  geolo^^iat  has  b« 
very  iustly  and  fordUy  expressed  by  Iffr.  Aikin  in  tiie  IntrodactloB  to  l> 
Manual  ^f  Mineralogy,  published  in  1816.  He  says,  "The  afaaolele  v 
cessity  of  extreme  accuracy  in  discriminatiog:  one  species  of  minenl  ft* 
another,  is  too  obvious  to  require  any  farther  remark,  if  examples  were  b* 
perpetually  presenting  themseives  of  persons  very  slenderty  inrovided  «*'■ 
these  rudiments  of  the  science,  who  yet  undertake  geological  investifatio* 
and  with  a  peremptoriness  generally  In  proportion  to  their  Ignaraaet,  c^ 
lenge  the  credit  of  new  discoveries,  or  call  in  question  the  ohaervatiaBi  • 
their  predecessors.  It  is,  indeed,  very  true  that  geological  specolatiaM  » 
as  fssoinating  to  the  student  as  the  discrimination  of  spe<des  &  geaaaU*  ir 
pulsive ;  yet  it  ought  to  be  borne  in  mind  that  as  all  sound  adioli 
founded  upon  grammar,  so  all  sound  geology  depends  primarily  on  a 

acquaintance  with  the  distinctive  characters  of  simple  minerals.** ^^ 

Meiropot,  Mixed  and  Applied  Sciences,  vol.  iv.,  Mineraiogg,  p.  455. 
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tions  to  electro-magoetMin,  and  finallj  by  their  chemical  constitation. 
Any  or  all  of  these  ▼arious  qualities  and  afibctions  may  be  taken  into 
consideration  in  forming  classical  arrangements  o(  bodies  belonging  to 
the  mineral  kingdom  of  nature.    Hence  a  dirersity  of  systems  and 
arrangements  have  been  contrived  by  rarious  mineralogical  writers. 
But  those  who  have  been  engaged  in  such  theoretical  speculations, 
have  succeeded  so  indifferently,  that  a  distinguished  professor  of 
mineralogy-,  in  his  remarks  on  the  state  of  the  science  in  tnis  country, 
sajB,  "  Tne  value  of  a  method  of  classification  seems  to  be  looked 
upon  as  a  point  not  worth  discussing,  any  one  method  is  considered  as 
good  or  as  bad  as  any  other.    This  opinion,  indeed,  is  openly  main- 
tained by  some  of  our  best  mineralogists.     Their  labours  have  been 
employed  solely  and  exclusively  in  the  crystallographical  and  chemical 
analysis  of  particular  species ;  and  I  am  not  aware  that  any  attempt 
has  been  matle,  among  us,  to  establish  any  proposition  including  a  class 
of  species  of  minerals,  with  the  exception  of  Sir  David  Brewster's 
optical  researches."*    Bat  on  the  continent  the  case  is  widely  dif- 
ferent ;  a  number  of  mineralogical  systems  having  been  published  of 
[ate  years  in  Germany,  France,  and  Sweden;  some  of  them  founded 
yn  the  chemical  constitution  of  minerals,  some  on  their  crystallog^ra- 
)hical  or  other  physical  properties,  and  others  which  may  be  cidled 
nixed  systems  of  classification,  depending  on  a  combined  view  of 
;>hy8ical  and  chemical  characters.    The  number,  variety,  and  discre- 
pancies of  the  systems  of  mineralogy,  which  have  been  recently  pro- 
posed, abundanUy  evince  the  difficulties  that  attend  the  subject ;  and 
iiougb  we  should  not  be  inclined  to  admit  that  all  methods  are  alike  in 
toint  of  value,  yet,  it  must  at  least  be  acknowledged,  that  various 
nodes  of  arrangement  might  be  pointed  out,  the  advantages  and  dis- 
advantages of  which  would  so  nearly  correspond,  that  it  would  be 
i&cult,  if  not  impossible,  to  decide  which  had  the  superiority. 

But  wrbatever  kind  of  arrangement  might  be  adopted,  attention 
lust  necessarily  be  paid  both  to  physical  and  chemical  characters,  in 
'caaging  and  aescribing  the  different  genera  and  species  into  which 
lineral  l>odies  may  be  distributed.  Crystallographical  properties  are 
nong  those  charsoteristios  of  minerak  which  are  of  the  highest  im- 

•  IWlie^^ell  on  the  Reeent  Progress  and  Present  State  of  Mineralogy,  in 
sport  of  British  Association  for  isss,  pp.  SS4,  SU. 
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portance ;  for  tbough  some  bodies  belonging  to  the  mineral  kingdn 
exhibit  no  traces  of  crystallization,  jet  they  are  comparatively  kw 
and  inconsiderable ;  hence  the  study  of  crystallography  is  necessazilr 
connected  with  that  of  mineralogy,  and  the  subject  is  in  manj  respectt 
to  important,  as  to  render  it  deserving  of  especial  consideratioB ; 
therefore,  in  addition  to  the  remarks  on  crystalline  forms  which  mf 
occur  in  the  notices  of  the  several  kinds  of  minerals,  some  fbitber  ob- 
servations on  crystallography  will  be  added  to  the  latter  part  of  tia 
treatise. 

The  physical  characters  of  minerals  require  a  few   preUiniiiiiT 

remarks.    Colour  is  one  of  those  properties  of  mineral  bodies,  wbidi 

though  frequently  serviceable  in  distinguishing  them  from  each  other, 

is  by  no  means  constant  j  for  though  there  are  some  minerals  wkid 

always  exhibit  the  same  tints,  there  are  others  which  display  ^ 

utmost  diversibr;  so  that  specimens  having  an  apparent  identity  flt 

chemical  constitution,  and,  in  most  respects,  of  physical  characttr. 

will  yet  be  found  of  very  different  colours.    This  is  especially  tk 

case  with  those  mineral 'bodies  which  are  considered  as  predoa 

stones,  and  when  cut  and  polished,  used  as  ornaments.     Thus  the  pB. 

called  the  sapphire,  sometimes  exhibits  its  characteristic  aapjdiinr 

or  blue  colour,  and  is  likewise  found  purple,  red,  green,  jrellow,  gm. 

and  white,  or  perfectly  transparent.    Topazes  are  found  yellofw,  pd^ 

blue,  green,  transparent  or  colourless,  and  sometimes  of  a  fine  le^ 

Garnets  occur  not  only  red,  but  also  black  and  brown.     The  disMnr' 

is  seldom  entirely  free  from  colour,  and  some  are  found  blue,  pai 

dark  brown,  or  yellow.     Some  minerals,  as  the  opal,  exhibit  diSisc«- 

colours  when  viewed  by  transmitted  light,  from  those  which  apptf 

when  seen  by  reflected  light.     Yet,  notwithstanding  these  anonakics 

phenomena,  the  colour  may  frequently  be  employed  as  a  disorimiiMCai 

characteristic  of  mineral  bodies ;  for  though,  when  considered  ak» 

it  might  afibrd  no  certain  indication  of  the  nature  of  a  miaenl,  i« 

taken  in  conjunction  with  other  characters,  it  will  be  foond  fieqacs? 

useful,  as  enabling  us  to  describe  and  distinguish  mineral  substHBe» 

lAtitre  is  one  of  the  external  characters  of  minerals,  vrfaick  is  > 

considerable  importance.    The  principal  kinds  of  lustre  are  tiie  s^ 

mantine,  the  vitreous,  the  oil^r,  the  resinous,  the  fatty,  thepearly, » 

*he  metallic  ;  to  which  may  be  added  the  semi-metalUe.     Tbe  mstill: 

^re  is  peculiar  to  certain  metallic  ores,  and  is  always ' 
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by  opacity ;  and  the  semi-metalUc  characteriKes  yarious  earthy  as  well 
as  metalliferoas  minerals.    Mineral  substances  also  differ  in  the  de- 
gree as  well  as  the  kind  of  lustre  which  they  display.    Thus  the 
highest  degree  of  brilliancy  is  termed  splendidi  whence  we  descend 
through  the  rarious  grades  of  shining,  glistening,  and  glimmering,  till 
we  arriTe  at  that  which  is  called  dull,  to  be  observed  in  most  of  those 
minerals  the  fracture  of  which  is  earthy.    This  characteristic  may  also 
be  further  modified,  and  terms  employed  to  denote  intermediate  degrees 
of  lustre.    Thus  it  may  be  stated  that  the  lustre  of  a  mineral  is 
strongly  or  faintly  glimmering,  passing  into  glistening,  but  such  dis- 
tinctions are  scarcely  necessary,  except  in  describing  new-discorered 
substances.      **  The  different  kinds  of  lustre  undoubtedly  depend 
upon  optical  differences  in  the  surfaces,  which  differences  have  not  as 
yet  been  clearly  explained.    Professor  Breithaupt  is  in  the  habit  of 
showing,  by  the  superposition  of  a  number  of  watch-glasses,  that  the 
pearly  lustre  results  from  the  lamellar  structure  of  a  transparent  mass. 
The  rery  curious  difference  between  the  optical  properties  of  the  sur- 
fiiees  of  metals,  and  of  transparent  bodies,  has  been  traced  on  different 
roads,  by  Sir  David  Brewster  and  by  Professor  Airy,  and  both  agree 
in  considering  the  optical  properties  of  the  diamond  as  intermediate 
between  the  transparent  and  the  metallic  character,  though  they  do  not 
agree  in  their  representation  of  the  peculiar  laws  which  the  diamond 
uscloses.    When  the  connexion  of  these  properties  with  those  of 
other  bodies  is  clearly  made  out,  we  shall  probably  learn  more  dis. 
tinctiy  than  we  now  can,  what  is  the  precise  distinction  of  metallic, 
adamantine,  and  vitreous  lustre."* 

Transparency  is  a  property  which  does  not  belong  to  all  minerals, 
and  in  those  which  possess  it^  it  exists  in  different  d^^es.  Some 
minerals  are  semi-transparent,  as  carnelian,  and  certain  kinds  of  ob. 
aidian;  others  are  merely  translucent,  or  but  little  removed  from 
opacity.  A  few  minerals  which  appear  opaque,  when  examined  in  the 
air,  become  more  or  less  transparent  if  immersed  in  water.  This  is 
the  case  with  a  sort  of  opal,  hence  called  hydrophane.t 

Hardneu  is  a  very  important,  because  it  is  a  very  constant  property 
in  most  simple  minerals.    Professor  Mohs,  of  Vienna,  has  formed  a 

*  Whewell  on  Mineralognr,  in  Rep.  of  Brit.  Assoc,  for  183S,  p.  Si/. 
t  From  the  Greek  "Y^a;p,  water ,  and  ^aivm,  to  show  Ught, 
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scale  of  nombers  to  indicate  tbe  degree  of  this  property  respectively 
belonging  to  any  mineral.     In  this  scale  tbe  hardness  of  commofn  talc 
is  1,  of  gypsum  tt,  of  calospar  S,  of  fluor  spar  4,  of  apatite,  or  aspa- 
ragus stone  5,  of  feldspar  6,  of  quartz  7,  of  topaz  8|  of  corandom  9, 
and  of  diamond  10.    The  hardness  of  a  mineral  may  be  ascertained  by 
trying  whether  it  will  scratch  another,  the  relative  hardness  of  which 
is  previously  known.     Hence,  according  to  the  preceding  scale,  sup- 
posing tbe  hardness  of  a  mineral  to  be  indicated  by  5^,  it  must  be 
inferred  that  it  is  intermediate  between  5  and  6,  and  therefore  that  it 
would  scratch  apatite,  and  be  scratched  by  feldspar.    Professor  Breit- 
haupt,  of  Freyberg,  has  extended  the  numerical  scale  of  Mobs  firom 
lO*'  to  12®,  by  introducing  mica  between  gypsum  and  calcspar,  and 
sodalite  between  apatite  aud  feldspar,  as  intermediate  degrees ;  and  it 
is  obvious  that  if  it  were  thought  desirable,  further  distinctions  Biigfat 
be  made,  and  the  scale  might  be  enlarged.    It  is  an  observation  of 
some  importance  with  respect  to  the  hardness  of  several  minerals,  that 
it  appears  to  be  different  in  different  parts,  and  even  in  different 
directions.    Thus  the  edges  and  solid  angles  of  crystals  seem  to  be 
harder  than  their  faces,  and  in  the  diamond  serviceable  cutting  points 
can  only  be  obtained  from  natural  crystals.      The  diamond* cutters 
distinguish  tbe  angles  of  a  dodecaedral  crystal  into  hard  and  soft 
points,  the  former  consisting  of  those  which  are  also  the  angles  oi  the 
primitive  octaedrou,  and  which  cannot  be  split  or  broken  off,  but  must 
be  ground  down  with  diamond  powder;  while  the  low  triangular 
pyramids,  which  form  the  other  points,  may  be  removed  by  cleavage. 
Kyanite  affords  an  example  of  a  mineral,  the  hardness  of  which  wiO 
differ  according  as  it  is  scratched,  along  or  across  the  direction  of  its 
axis. 

Consistency  is  a  property  which  is  intimately  connected  with  hard- 
ness, but  of  a  more  general  nature.  A  substance  may  be  at  the  same 
time  very  hard  and  very  brittle,  or  it  may  be  extremely  soft,  and  at  the 
same  time  tough  or  tenacious.  Thus  euclase  and  anthophjllittt  are 
hard  bodies,  but  easily  frangible,  or  broken  by  a  blow ;  while  asbeetns 
or  amianthus,  which  are  very  soft  and  flexible  minerals,  are  at  the  aame 
time  very  tenacious,  so  that  fibres  of  these  substances  may  be  twisted 
into  threads,  and  woven  to  make  cloth. 

Density t  or  Specific  Gravity,  is  one  of  the  properties  of  mineral 
bodies  deserving  of  attention,  as  furnishing  tbe  means  of  discrimi- 
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nating  them  from  eaoh  other.  The  nature  of  this  property  of  matter 
with  regard  to  aubatancea  in  general,  has  been  amply  noticed  in  the 
preceding  volome  of  this  work,  in  which,  likewiae,  the  modes  of  aacer* 
taining  &e  specific  gravity  of  bodies,  has  been  described  and  illus* 
trated.*  Much  attention  has  been  paid  to  specific  gravity,  as  a  cha- 
racteristic property  of  minerals,  by  Professors  Mohs  and  Breithaupt, 
who  have  determined  most  minutely  the  value  of  this  element  for  very 
extensive  series  of  minerals.  Beudant  has  discovered  that  large 
crystals,  and  especially  bacillary  masses,  are  inferior  in  specific  gra- 
vity to  small  crystals ;  and  he  therefore  recommends  the  pulverization 
of  minerals  previously  to  trials  of  their  specific  gravity,  in  order  to 
obviate  the  uncertainty  that  might  arise  from  these  differences  in  the 
n^ode  of  allegation.  Magnus  found  that  garnet  and  similar  minerals, 
when  melted,  imd  again  soUdified  in  a  glassy  but  uncvystalline  state, 
have  their  density  diminished  by  the  operation ;  the  Greenland  garnet, 
for  instance,  when  thus  treated,  had  its  specific  gravity  reduced  from 
3.9  to  d.05.t 

Taste  and  Odour  are  sensible  qualities  of  minerals,  which  cannot  be 
very  extensively  applied  to  practical  purposes.  Taste  is  chiefly  con- 
fined to  saline  minerals,  and  is  sufficiently  obvious  in  most  cases 
where  it  exists,  as  in  rock-salt  (Chloride  of  Sodium),  and  alum  (Sul- 
phate of  Alumine).  Some  minerals  are  distinguished  by  a  peculiarly 
disagreeable  smell,  aa  is  the  case  with  a  particular  kind  of  limestone, 
which  is  hence  called  stinkslone,  or  swinestone. 

EUctro'tnagnetitm,,  or  Electricity,  manifests  its  influence  in  some 
minerals,  by  the  production  of  a  phoaphorescent  light,  when  they  are 
subjected  to  collision  or  friction ;  and  others,  by  friction  or  the  appli- 
cation of  heat,  may  be  made  to  attract  light  bodies,  in  the  same  manner 
as  excited  glaas  or  sealingwax.^ 

*  Book  of  Science,  part  i.  pp.  144^151. 

t  Whewell  on  Mineralc^ry,  in  Rep.  of  Brit.  Assoc,  for  18SS,  p.  396. 

t  The  effect  of  heat  and  friction  in  excitlog  phosphorescence  or  electric 
light,  has  been  noticed  in  the  Book  of  Science,  part  i.  pp.  346,  347  i  8d  ed.  pp. 
364, 366.  The  development  of  electric  attraction  by  heat  or  friction,  has  been 
observed  and  made  the  sahject  of  experiments  by  Hauy,  and  other  mineralo- 
gists. The  electric  property  of  the  tourmaline  long  since  attracted  attention, 
and  among  the  minerals  capable  in  some  degree  of  similar  excitation,  may 
be  mentioned  boracite,  topaz,  axinite,  mesotype,  prehnite,  calamine,  and 
sphene  or  titanite.  See  Enepclop.  Metrop.,  nuced  iMences,  voL  ii.,  BUc" 
tricHjf,  pp.  131—134. 
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There  ere  many  temu  denoting  propertieB  or  appearences  of  mmeral 
bodies  which  are  of  frequent  ocoorrence  in  treating  concerning  them, 
and  may  therefore  be  briefly  explained.  Minerals  are  said  to  be 
adhenve  when  the  newly  fractured  surface  adheres  if  applied  to  the 
tongue,  as  is  the  case  with  slate.  Those  which  may  be  dinded  into 
thin  plates,  are  termed  lameUar  minerals.  Crystals,  the  leng^  of 
which  greatly  exceeds  their  other  dimensions,  are  called  baeillary 
eiystals,  and  when  they  are  yery  much  attenuated,  they  are  termed 
capiUary,  and  if  they  diyerge  from  a  common  centre  icoprform  fibres. 
Irregular  globular  bodies  are  styled  nodules,  or  nodular  masses,  and 
those  which  have  no  symmetrical  form,  are  called  amorphous.  Specuiar 
means  smooth,  shining,  mirior*like ;  tabular,  approaching  to  flatness ; 
and  vesiailar,  sponge-like,  or  full  of  holes  or  vesicles. 

Minerals  are  properly  definite  compounds,  in  various  states  of  com- 
plication,  of  those  elementary  bodies  with  which  chemistry  has  made 
us  acquainted,  except  in  a  few  instances;  some  bodies,  as  gold  and  car- 
bon, being  presented  to  us  by  nature  in  a  pure  and  uncombined  form. 
Among  compound  mineral  bodies  there  are  some,  however,  which  appear 
to  be  simply  aggregated,  or  to  consist  merely  of  mingled  masses,  while 
by  far  the  greater  number  are  chemical  compounds.  W  hen  minerals  are 
simply  ag^^regated,  as  for  instance,  when  gold  is  found  in  limestone, 
the  separation  of  die  metal  may  be  effected  by  the  mechanical  opera* 
tions  of  pounding  and  washing ;  but  in  the  case  of  chemical  com- 
pounds, as  sulphur  and  copper  (copper  pyrites),  or  oxide  of  tin,  called 
wood  tin,  the  separation  of  the  medil  from  the  sulphur  in  the  first  case, 
and  from  the  oxygen  in  the  second,  can  only  be  effected  by  chemieal 
processes,  the  nature  of  which  has  been  already  described  in  the 
Treatise  on  Metallurgy.  Among  the  ultimate  or  constituent  elements 
of  minerals  may  be  mentioned. 

Oxygen  Potash 

Hydrogen  Soda 

Chlorine  Lithia 

Nitrogen  Baiytes 

Sulphur  Strontia 

Selenium  Lime 

Carbon  Magnesia 

Phosphorus  Alumina 

Water  Zircon 
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Glueine 
Yttria 

Aeidt* 

Carbonic  Acid 
Phosphoric  A. 
Fluoric  A. 
Sulphuric  A« 
Muriatic  A. 
Nitric  A. 
Boracic  A. 
Tungstic  A. 
Chromic  A. 
Moljbdic  A. 
Telluric  A. 
Arsenic  A. 
Titanic  A. 
Columbio  A. 
Antimonic  A* 
Vanadic  A. 
Silicic  A. 
Succinic  A. 
Mellitic  A, 


Thorina 
Ammonia. 

Mttali. 

Platina 

Gold 

Silver 

Mercury 

Palladium 

Rhodium 

Iridium 

Osmium 

Copper 

Nickel 

Iron 

Tin 

Zinc 

Cadmium 

Tungsten 

Bismuth 

Cobalt 

Manganese 

Molybdena 

Uranium 

Cerium 

Antimony 

Chromium 

Columbium 

Arsenic 

Titanium 

Tellurium 

Vanadium. 
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The  eariier  systematic  writers  on  mineralogy  in  general  arranged 
mineral  substances  in  four  classes,  namely,  Earths,  Salts,  Bitumens, 
and  Metab;  sabdiriding  these  into  orders  depending  on  their  tex- 
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tares  or  other  physical  properties.  Such  systems  were  saperaeded  in 
Germany  by  that  of  Werner,  founded  on  the  joint  ooosideration  of  che- 
mical and  external  characters;  and  the  arrangement  of  that  distin- 
guished philosopher  was,  with  some  modifications,  for  a  long  time 
generally  adopted  by  mineralogists  in  this  country.  Werner  and  his 
followers  employed  the  division  of  classes  above  stated,  only  Bubad- 
tuting  tbe  term  Inflammables  or  Combustibles  for  that  of  Bitomena ; 
but  the  sections  or  subdivisions  were  variously  altered  and  improved. 
In  France  a  system  was  proposed  by  Hauy,  founded  on  crystallise- 
tion,  as  the  most  distin^;uishiug  character  of  minerals.  He  defined  a 
mineral  species  to  consist  of  individual  bodies  similar  in  their  compo- 
sition,, and  with  crystalline  forms  also  similar.  Some  minerals,  how- 
ever, are  not  crystallized,  and  such  he  distributed  according  to  their 
chemical  composition.  "The  definition  which  seems  to  be  reoog- 
nised  in  the  crystallometrical  school  of  more  modem  times  is,  the  sosm 
primary  form  with  the  tame  fundamental  angUt  of  cleavage,  eombmed 
with  an  approximate  identity  rf  chemical  and  pnyitcat  charaetere"* 

Both  the  system  of  Hauy  and  the  more  modem  doctrine  are  founded 
on  a  presumed  relation  between  chemical  composition  and  crystalline 
ibnn,  examples  of  which  are  too  numerous  to  admit  of  the  least  ques- 
tion, but  concerning  the  nature  and  extent  of  the  relation  we  are  not 
yet  qualified  by  any  means  to  decide ;  and  hence  arises  a  manifest 
source  of  imperfection  and  discrepancy  in  the  mineralogical  arrange- 
ments derived  from  it.  Observations  '^that  have  been  .made  of  the 
analogy  of  form  between  bodies  varying  in  composition  led  to  the 
assumption  of  the  principle  of  Isomorphism,  or  Plesiomorpluam ; 
which,  as  beinff  connected  with  crystallization,  will  be  ibrther  noticed 
in  treating  of  toat  subject. 

Professor  Berzelius  has  constructed  an  arrangement  of  nunersi 
bodies,  founded  on  their  relative  electro-positive  and  electro-negative 
properties.  This  system,  since  it  was  first  proposed  in  1816,  has 
been  considerably  modified,  especially  in  consequence  of  the  disco- 
veries that  have  been  made  relative  to  isomorphism ;  and  thoagh  still 
necessarily  imperfect,  it  may  be  regarded  as  the  nearest  approxima- 
tion yet  obtained  towards  a  regular  and  consistent  classification  of 
mineral  substances. 

*  WheweU  on  Mineralogy,  in  Rep.  of  Brit.  Association  for  183S,  p.  SM. 
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'*  The  order  established  by  the  eUetnhchemieal  relation  of  bodies  is 
supposed  to  be  generally  preserved  in  all  their  combinations.  Thus, 
if  A  be  eUetnhn€gatiiv€  in  respect  of  B  and  of  C»  B  will  generally  be 
electro-negative  in  relation  to  C  ;  but  this  appears  not  to  be  univer- 
sally so ;  and  sometimes  one  electro-negative  body  is  found  combined 
with  two  or  more  bases,  and  sometimes  two  acids  are  combined  with  a 
single  base.  If,  says  Berzelius,  with  these  theoretic  notions  in  oor  mind, 
we  look  through  the  productions  of  the  mineral  kingdom,  the  appa- 
rently confused  ccnnbinations  which  minerals  present  will  be  imme- 
diately pervaded  by  regularitv  and  order.  We  peraeive  an  extensive 
class  of  minerals  into  which  silex  enters  as  a  constituent,  assuming  tbe 
character  of  salts,  either  simple,  double,  triple,  or  quadruple ;  and 
with  various  excesses  of  the  acid  or  the  base.  In  the  same  manner  we 
perceive  the  oxides  of  titanium,  of  tellurium,  and  of  other  metals,  per- 
forming the  functions  of  acids,  and  thus  reducing  the  whole  series  of 
minerals  to  one  uniform  system  of  classification ;  and  the  doctrine  of  defi- 
nite proportions  introduced  within  a  few  years  into  chemistry,  might, 
if  we  could  fully  avail  ourselves  of  its  aid,  be  said  to  confer  on  this 
system  of  mineralogical  classification  a  degree  of  almost  mathematical 
precision.  But  in  consequence  of  the  difficulty  of  ascertaining  the 
proportions  of  the  actual  ingrodients  of  minerals,  and  the  still  greater 
difficulty  of  distinguishing  those  which  are  essential  to  the  species 
analysed,  we  are  notyet  enabled  to  confer  on  a  chemical  classification 
all  the  advantages  offered  by  the  improved  doctrines  of  chemistry."* 

•  Professor  Whewell  has  remarked  that  though  we  do  not  at  present 
possess  any  system  of  arrangement  on  strictly  chemical  principles, 
bringing  together  in  all  cases,  the  substances  which  most  resemble 
each  other  in  external  properties,  yet  the  arrangements  recently  pro- 
posed, by  Berzelins  and  others,  may  be  regarded  as  approaching  to 
soch  a  perfect  system,  whether  they  be  founded  upon  external  cha- 
racters, or  on  chraucal  principles.  "  The  new  system  of  Berzelius,  or 
that  of  Beudant,  or  indeed  any  of  the  new  chemical  systems,  would 
produce  a  grouping  of  substances  which  would  at  once  be  recognised 
as  far  more  natural  than  that  of  Hauy  or  Phillips.  The  last  svstem  of 
Berxelius  has  been  adopted  in  the  arrangement  of  the  minerals  of  the 
British  Museum,  in  their  new  apartment,  under  the  intelligent  and 

*  Encyd.  Metiop.-'liixed  Sciences,  vol.  Iv.,  Mineralogy,  p.  406. 

Q  t 
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induBtrioos  superintendence  of  Mr.  Konig ;  and  every-  one  will  pro- 
bably be  Btruok  by  the  evidence  which  uie  aspect  of  the  collection 
offers  of  the  advantage  of  this  over  the  ancient  mode  of  arrange- 
ment/'* 

As  this  great  national  museum  is  readOy  accessible  to  all  who  reside 
in  or  visit  the  metropolis,  an  excellent  opportunity  is  presented  for 
studying  mineralogy  by  means  of  a  copious  and  well-selected  cabinet 
of  mincnrals ;  and  this  circumstance  would  afford  an  additional  niotive, 
if  any  were  wanting,  for  adopting  in  the  ensuing  descriptive  notices 
of  the  principal  minerals,  the  electro-chemical  classification  or  aystem 
of  Berzelius. 

Table  of  Mineral  Ckueei* 

Electro-positive  Metals  and  their  Alloys. 
Electro-negative  Bodies  and  their  Combinations. 

Carbon  and  Carburets. 

Selenion  and  Seleniurets. 

Sulphur  and  SjUphurets. 
Oxides  of  Electro-positive  metals. 
Oxides  of  Electro-negative  Bodies,  and  their  Combinations. 

Alumina  and  Aluminates. 

Silicic  Acid  and  Silicates^ 

a.  Silicates  with  simple  bases. 
6.  Silicates  with  compound  bases. 

Titanic  Acid  and  Titanates. 

Columbic  Acid  and  Columbates. 

Antimonic  Acid  and  Antimoniates. 

Scheelic  Acid  and  Scheelates,  or  Tungstates. 

Molybdic  Acid  and  Molybdates. 

Chromic  Acid  and  Chromates. 

Vanadic  Acid  and  Vanadiates. 

Boracic  Acid  and  Borates. 

Carbonic  Acid  and  Carbonates. 

Arsenious  Acid  and  Araeniates. 

^Phosphoric  Acid  and  Phosphates. 

*  Report  of  Brit.  Assoc,  for  183S,  p.  860. 
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Nitric  Acid  and  Nitrates. 
Sulphuric  Acid  and  Sulphates. 
J^uorides  and  Fluates. 
Chlorides. 

OrganicoHchemical  Bodies,  or  Minerals  derived  from  Organized 
Matter. 

Salts. 
Resins. 
Bitumens. 
Coals. 


ELECTRO-POSrnVE  NATIVE  METALS. 

Iron,  though  one  of  the  most  common  of  the  metallic  bodies,  is  not 
often  found  in  the  native  state,  in  consequence  of  the  powerful  tend- 
ency which  it  possesses  to  combine  with  oxygen,  sulphur,  and  other 
substances.  Most  of  the  existing  specimens  of  native  iron  are  sup- 
posed to  have  derived  their  origin  from  meteoric  stones ;  though  this 
meted  is  said  to  have  occurred  in  the  state  of  pure  iron  ore,  massive, 
and  in  leaves  of  a  grey  colour,  having  a  fracture  like  that  of  steel,  and 
some  degree  of  malleability.  Some  notice  of  meteoric  stones  will  be  found 
in  another  part  of  this  volume ;  but  besides  those  masses  of  ferruginous 
matter,  undoubtedly  of  aerial  origin,  large  blocks  of  iron  in  which  the 
metal  exists  in  various  degrees  of  purity,  have  been  discovered  in  dif- 
ferent parts  of  the  worid ;  and  though  these  probably  have  been  produced 
in  the  same  manner  with  the  acknowledged  aerolites,  yet  since  evidence 
is  wanting  as  to  the  source  whence  they  were  derived,  some  account 
of  them  may  here  be  added.  Among  these  blocks  of  iron  ipay  be 
mentioned  one  found  at  EUenbogen  in  Bohemia ;  the  large  mass  disco- 
vered by  Professor  Pallas,  on  the  top  of  a  hill,  between  Abakansk  and 
Belskoi  Ostroff,  on  the  banks  of  liie  Jenesei,  in  Siberia,  which  ori- 
gkaaily  weighed  about  1680  pounds  ;  a  mass  found  in  Southern  Africa, 
and  now  in  the  cabinet  of  Haarlem,  in  Holland,  weighing  about  250 
pounds ;  an  immense  mass  of  native  iron  from  Otumpk,  in  the  Gran 
Chaco  Gualamba,  in  South  America,  described  by  Don  Rubin  de  Celis, 
who  estimated  its  wei§^  at  fifteen  tons ;  a  mass  of  iron  from  Ata- 
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Aii-U-Chspelle ;  tiro  larga  block*  oa  (bill  in  tfas  coantrjr  of  the  Esqui- 
maux, ueu  Dane'i  Stniita,  pieoes  of  which  the  p«opU  lue  for  laakiag 
the  Tude  blades  of  their  knires  end  hirpooiu ;  i  man  of  iron  irei^. 
iag  103  pomidi,  found  in  September,  1829,  near  the  outlv  of  Bohn- 
mUtilz,  in  the  circle  of  PrsdiiD,  Id  Bohemia;  and  ooe  found  recently 
at  M^debur^;.  Specimeos  of  the  iron  ores  juat  meDtioned,  are  pre- 
8er*ed  in  the  BriCieh  Museum,  with  the  exception  of  that  discoTared 
at  Bohomiltitz.  Sncb  of  these  maisea  as  hare  been  analyied,  bar*  in 
genoTsl  been  found  to  conaiat  priDoipaJlj  of  iron,  alJoyod  wiUi  nickel, 
but  the  Magdeburg  block,  nccoidiiig  to  the  analfna  of  FiofoeaM 
Stromeyer,  conuina,  besidea  iron  and  nickel,  cobalt,  copper,  molfb. 
dena,  and  arienic ;  and  the  Bohumiltiti  man  appears  to  eontaiii,  with 
iron  and  nickel,  small  quantitiea  of  plumbago  and  inlpbut,  NatiTB 
iron,  not  metsotic,  ii  said  to  have  been  foond  about  lBZ3,in  (hemoan- 


with  uidkel,  and  quite  malleable. 


■^riSr^Jff*  "^"^  brighter  <a  darkm  colow,  , 

^W-i\^       -  " "  "°"  ■"  '*"  tira's'iad,  and 

*4f^  -  occurasomelimeiinconsiderabla 

masaea,  one  of  which,  fonad  b* 
Mr  Heanu,  u  tba  coantrr  lound  Hudioa'a  Baj,  North  Amarioa,  ia 
deacnbad  bj  that  gentleman  in  bis  jonmal.  Some  qiecimeiu  an 
folialad,  loms  branching,  others  in  the  forms  of  ootaednl,  oubio,  pris- 
matic, or  other  orystala;  and  (bis  metal  aonwitimea  diaplaya  arbonncecl, 
and  lometimei  fibrous  or  filiform  figures,  as  reprsaentsd  in  thn  msrgin, 
Binaiith  ia  found  natiTe,  maasm,  disseminated,  and  artiareacMit, 
imbedded  in  jasper  or  other  minerals.  Whan  in  the  maaaiTe  staM  its 
fraib  ftactnr*  uauatlj  presents  cbaogeahle  colonra  Uke  some  silka,  or 
the  plumage  of  a  pigeon's  neck.    It  ia  oocaaionaU;  found  eryatallised 


Nativ  CapptT  is  uanallj  foond 
unsllojed,  except  with  amaU  por- 
tions of  iron  and  gold.      It  ex- 

I   hibita  a  great  rarietj  of  beautifiil 
,   forms,  besides  those  of  a 
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in  octaadious,  or  long,  double,  triedral  pyramids,  and  tabulated ;  often 
striated. 

The  existence  of  Lead  in  the  native  state  is  somewhat  problematical. 
Mr.  Rathkie  is  said  to  have  discovered  it  in  the  island  of  Madeira,  but 
the  lead  &ere  foand  is  supposed  to  have  been  of  volcanic  origin ;  and 
the  occurrence  of  native  lead  in  lava  has  been  observed  elsewhere.  At 
the  British  Museum  may  be  seen  a  medal,  cast  in  lead,  ejected  from 
the  crater  of  Mount  Vesuvius  in  1631. 

Silver  is  found  more  frequently  pure,  or  in  the  state  of  alloy,  than 
most  other  metals ;  but  it  is  most  plentiful  in  the  state  of  native 
silver.  The  metal  is  occasionally  found  in  immense  masses ;  the 
silver-mines  of  Kongsberg,  Norway,   fonnerly  afforded  specimens, 

weighing  frcnn  100  to  150  pounds ;  and  in  the 
mine  culed  Nye  Forhaabning,  one  was  raised 
560  pounds  in  weight,  which  is  still  preserved  in 
the  royal  cabinet  at  Copenhagen.  Specimens 
of  native  silver  exhibit  a  diversity  of  beautiful 
forms,  such  as  arborescent,  branching;  foliated, 
and  moss-like,  or  in  delicate  curls  like  cotton 
threads.  It  is  also  found  tooth-shaped,  wire- 
shaped,  and  sometimes  canaliculate  and  serrated. 
It  likewise  occurs  imbedded  in  ealcareous  spar, 
in  prion,  crossing  e<u,h  otber  in  aU  direo- 
tions. 
Mercury  sometimes  occurs  native  in  globules,  disseminated  in  coarse 
sandstone,  and  other  substances.  Crystallized  cinnabar,  or  Sulphuret 
of  Mercury,  is  found  occasionally  sprinkled  with  globules  of  metallio 
mercury.  Native  amalgams  of  the  metal  with  silver  occur  both  in  the 
semifluid  and  solid  states.  The  hydrarguret  of  silver  crystallizes  in 
perfect  and  modified  rhombic  doaecaedrous  and  other  figures.  The 
plastio  nature  of  this  amalgam  is  taken  advantage  of  by  the  Mexican 
miners  to  mould  figures  and  ornaments  of  this  substance,  specimens  of 
which  may  be  seen  at  the  British  Museum. 

Gold  is  found  either  in  a  state  of  purity,  or  alloyed  with  a  fow 
other  metals,  and  generally  in  the  latter  state.  It  occurs  in  foliations 
upon  quartz,  associated  with  other  substances ;  but  the  great  bulk  of 
this  precious  metel  in  oirculation,  is  principally  procnred  nrom  alluvial 


HINERALOOT. 

ria,  where  it  u  met  with  b   mtnm   of 

ioo*  tisot.    Pun  gold  ocoan  eilbac  mia- 

e,  ID  detaobsd  cijrstaU,  u  gndiu  in  tfaa 

■tale  of  gold  dual,  at  intenpened  in  bnnni 

iiofutone,  in  qaarts  with  needle  ore,  in  dan- 

diitic  01  arbmeeceut  cryatela,  and  in  m<We-like 

nusBM  oouiietiiig'  of  delicate  interworen  A. 

biea,  u  in  the  muginal  fignte.     The  illoT*  of 

gold  are  found  ciyatallued  in  minute  cobea 

and  octaediom,  varionalj  aggregated  in  letionlar  plalee  Mid  other 

Anrifinmt  Siliitr,  or  Eltelmm,  is  an  allojof  ajellawieli-wliite  colour, 
ooataining  gold  in  variona  proportiona. 

Fiatvia  occurs  in  amell  grains,  very  heav^,  and  of  a  eilveiy-irbite 
lustre.  These  grains  are  found  in  the  bIIutiU  strata.  With  pladn« 
are  intermiied  other  ntetallic  bodies,  as  the  alio/  of  Jn'ilitaii  and 
Otmium,  in  shining  foliated  graina.  PaOadiiaa  is  found  in  delieate 
scaly  grains,  of  s  lead  colour,  2lo;ed  with  platini.  RAod iuin  is  a  whoto 
msta],  which,  with  pistius,  iridium,  iron,  &c.,  fbnns  a  black  alloj. 


Native  TtUurmn  is  «  n  _  __ 

of  a  white  colour  with  a  metallic  loatn^ 
which  occurs  maasiTe,  fioe-j""      ' 


Graphic  lelluriom    eccni 

colour    with  a  mataJlin  luatre,  i 

tarnished  exhibiting  delicate  tetraedialaiHl 
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brew  characters.  This  mineral  contains  a  portion  of  g^ld,  as  also  does 
the  yellow  tellurium.    Black  tellurium  contains  lead. 

Native  Antimony  is  found  in  the  mines  of  Dauphine.  It  has  a  white 
colour  like  tin,  and  a  gpranular  and  foliated  fracture :  it  occurs  massive 
rarelj  distinctly  crystallized.  Antimonial  silver,  or  stibiuret  of  silver^ 
is  found  in  the  Hartz  mountains,  of  a  bright  white  colour,  massive, 
and  crystallized  in  cubes  or  striated.  Antimony  is  also  found  alloyed 
with  other  metals,  as  nickel  and  lead. 


Arsenic  and  Arteniurets. 

Native  Arsenic  is  much  the  colour  of  tin,  but  soon  becomes  tar- 
nished, it  exhibits  reniform  and  botryoidal  figures.  Arseniuret  of 
Nickel,  commonly  called  Kupfer-nickel,  or  copper  nickel,  has  the  colour 
of  tarnished  copper.  Arseniuret  of  Cobalt  comprises  the  mineral 
called  grey  cobalt,  from  its  steel-grey  colour.  Arseniuret  of  Bismuth 
is  found  in  small  brownish  globules  at  Scfaneeberg,  in  Saxony. 


Carbon  and  Carburets. 

This  is  a  mineral  which  exhibits  a  great  dissimilarity  of  form  and 
appearance  in  different  states  or  modes  of  aggregation.  Scarcely  any 
substances  can  be  more  unlike  in  their  extemtd  characters  than  the 
diamond  and  charcoal,  though  chemical  analysis  seems  to  demonstrate 
a  perfect  analogy  of  composition.  Among  the  minerals  which  are 
considered  as  varieties  of  pure  carbon  are  diamond,  anthracite,  and 
graphite,  or  plumbago. 

The  Diamond  exhibits  several  crystalline  forms,  as  the  primitive 
regular  octaedron ;  the  same  with  solid  angles  truncated ;  with  edges 
truncated,  forming  the  passage  into  the  rhombic  dodecaedron ;  varieties 
of  the  latter,  giving  rise  to  the  hexaedral,  prismatic,  and  tetraedral 
forms;  cubes  with  truncated  and  bevilled  edges;  and  hemitropic 
orystals  or  macles.  This  gem  exhibits  various  colours ;  some  having 
a  brownish  or  greenish  tint,  others  are  yellow,  and  there  are  blue, 
pink,  rose-red,  and  dark  brown  diamonds :  but  Uie  latter  are  very  rare. 
Diamonds  of  a  large  size  are  of  very  unusual  occurrence.    Among 
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the  vMMt  remarkri>le  may  be  mentioned}  the  large  diamond  in  the  im- 
perial sceptre  of  Russia,  which  was  purchased  by  Catherioe  II.  for 
the  sum  of  90,0001.  paid  down,  and  an  annaity  of  40002.  to  the  seller ; 
its  weight  is  193  carats,  and  its  size  nearly  that  of  a  pigeon*a  egg*. 
This  gem  is  considerebty  exceeded  in  weight  and  dimensions  bj  one 
which  belongB  to  the  Rajah  of  Mattan,  in  ue  island  of  Borneo,  where 
it  was  found  aboot  a  hundred  years  ago.  In  shape  it  resembles  an 
effg,  with  an  indentation  near  the  smaller  end.  It  is  said  to  be  a  stone 
of  ibe  finest  water :  its  weight  is  367  carats,  or  2  ounces,  169.87 
ffrains  Troj.  A  Dutch  governor  of  Batavia,  wishing  to  purchase  this 
diamond,  offered  to  the  Rajah,  in  exchange,  150,000  dollars,  two  large 
brigs  of  war,  ¥rith  their  guns  and  ammunition,  together  with  other 
pieces  of  cannon,  and  a  quantity  of  powder  and  shot;  but  the  R^ah 
refused  to  part  with  the  gem,  to  which  the  Malays  attributed  the 
power  of  curing  diseases,  and  Uie  possession  of  other  miraculous  pro- 
perties. 

Antkraeite,  or  Kohimiblmde,  is  a  carbonaceous  mineral,  one  ruxnity 
of  which  is  called  Kilkenny  coal.  Anthracite  has  a  semi-meCaDie 
lustre,  and  a  conchoidal  fracture,  and  is  sometimes  slaty,  and  occa- 
sionally columnar.  It  bums  like  charcoal,  without  flame  or  smoke ; 
whence  in  Scotland  it  is  called  blind  coal. 

Graphite,  or  Plumbago,  is  the  well-known  substance  commonly  called 
blaek4ead.  It  is  found  in  England,  Scotland,  France,  Spain,  Ger- 
many, and  other  countries ;  but  that  rariety  which  is  most  usefal,  for 
making  blaek*lead  pencils,  is  procured  from  a  mine  at  Borrowdale, 
in  Cumberland.  It  is  said  to  occur  in  large,  roundish  masses,  im- 
bedded in  a  mountain  of  argillaceous  schistus,  traversed  by  yeins  of 
quarts. 


Selenwn  and  SelmiwrtU, 

SeUnion  appears  to  be  a  substance  but  sparingly  distributed  in  the 
mineral  Idngfdom.  Among  its  compounds  may  be  noticed  the  mineral 
called  Ettlcatnte,  a  SeUniuret  of  Silver  arid  Copper ;  the  Seleniureti  of 
Lead  a-nd  of  Copper,  which  are  the  products  of  Swedish  mines ;  and  the 
combination  of  Selenion  with  Sulphur,  occurring  in  theyoleanie  regions 
-'f  Italy.  Specimens  of  these  minerals  are  in  the  British  Bluseiiia ;  one 
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of  whitb,  tha  Eulmiritfl,  u  eihibiud  in  tbe 

S-   — |v  »^    uuisied  figure. 
!j^B^      Beniles  tbeu  nay  be  meDtioned,  the 
«3^  SdtiBitrttBfBumtithaadTiauTium.aMol 
^Xi^^V  Lad  and  Ctbalt,  tbe  Cuprifirimt  Silamrtl 
-'-■**'*«/"  Ltad,  the  S<lmiur«  o^'  L<ad  und  M»r- 
eury,  and  dm  BinJiM  and  CuUbrite,  which 
■re  lelemDrett  of  imc  with  tolphw  and 


SuJpAur   and    5u)^itrEti. 
d.  Single  Salphareti. 

Nativ*  Salphw  ocean  in  bed*  of  gjpsom  or  uleaite,  BolphBte  of 
Btrontian.  and  also,  though  mare  iHrely,  in  tha  Teins  of  primitiTe 
rocks.  It  is  foand  in  Aa  motmtaini  of  South  America,  in  the  Apea- 
ninea  of  Piedmont,  in  tbe  glaciera  of  Mont  Blanc,  in  Spain,  HuOKarj. 
Poluid,  and  Siberia.  Solphar  occurs  crysullized,  maasiTe,  aniT  sta- 
lactitic.  It  appean  in  some  warm  sprint^  in  auch  qoantitiea  »  to 
fbrm  ■  depocit  when  tbe  water  is  cooled  in  contact  with  air.  This 
mineral  is  often  found  sublimed, 
.  .  near  tha  oratera  of  volcanoes,  as  in 

Italj  Sicily,  and  Soath  America. 
Sulphur  crrstallizss  in  acute  OC' 
taedrons,  tbe  common  bass  of  tbe 
two  pyramids  beiuK  a  rhomboid  : 
also  apongeouB  and  granular,  and 
sometimes  forming  tufted  or 
branching  orjstsls.  (Sm  marginal 
fig) 
Them 


pniiMtes. 
5ulphttnl 


matons,  CMUtitating  a  Is^s  pro. 
portion  of  die  ores  from  which 
metals  an  obtained  for  economioal 


Sulpkunt  Bf'  Zine,  or  BUnde,  is  usually  called  bj  the  English  n: 
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Blsck  Jiclc.  The  colour  of  tbii  minenl  Tuiei,  some  Bpecinieiii  beiO^ 
yellow,  iinne  brown,  sod  others  black.  The  first  is  ^uetalljr  the 
]Doat  pure,  the  others  containing  iron,  litios,  and  watei,  lawell  aaiinc 
and  falphnr.  One  variety  oE  blende  when  ■ciatched  giTcs  out  a  plioa- 
'  '  I  light.  Tba  fibrouB  blende  of  Pnbrsm,  in  Bohsmia,  MO- 
■^  tabu  oadmium ;  sod  the  tsataceoua  or 
■ohasleo  bloide,  wbicb  has  been  fonnd 
at  Gentldieok,  in  the  Bri^su,  is  ■  sul- 
pbuiet  of  liiKi  with  iron  and  b  portion  of 
tead.  Una  minarsl  occurs  maaaire,  and  in 
a  liinns,  aa  octaedions,  tetraedrona, 
and  dodeeaedrons,  the  primitire  c^r^t*! 
'    '  ihnmboidal  dodecBednm.      Soma 

18  eibibit  spicular  crystals,  aa  in 
the  mar^al  figure. 
SidjAuTit  of  Iron,  or  Pyrilti,  ia  among  the  moat  abundant  mituial 
a  varions  parts  of  the  world.     Large  cryataJa  of  this  onb- 
e  been  met  w  th  in  the  aepabjires  Mtba  lucas  of  Faru,  and 
thsy  are  supposed   to  bar* 
^  been  used  aa  mirrora.     No- 

dules or  glDbolar  maaoes  an 
sometimes  fbond  in  chalk. 
Its    piimitiTe    form    ia    tW 
\  cnbe ;    but   it   oecora    tb- 
\\  rioualy   crjratslliied,    aa   in 
'  the   annexed   figure.      Ra- 
diated  pyntea    ^a   variety 
fracjuenUy  iucluding  tfaa  len- 
ticuiar  or  cocksoomb,     and 
the    gtobular    pyritsa)    is 
r  liibU   to    apuitaneoua    deconipoaitiaB 
ion,  Bometimea  prodneing  nia- 
,  chierons    consequences    in    min«ralogieal 
A  cabinets.   Magnetic  pyrites  occura  maaaiTo. 
|J  foliated,    and    crystallized    in     hexaedta, 
prisQis.   Pyrites  eihibita  a  metallic  kppeari 
ince,  mnoh  resembling  brasa  or  pinchbaok.- 
SulphvTtt  rf  Cobalt  ia  seldom  fonnd  cry* 
talliaed,  occurring  massive  and  dir — - — ^  ■* 


SULPHUBET  OF    LEAD.  237 

Itl  odoOT  U  pile  at«el  gm,  when  taraiBfaed  reddilli ;  *ti&  it  yieldi  ■ 
■nlpbuieouiTapouiwhenhntcd,  The  miuei  of  Tuuabeif  and  Ba«t- 
DHB,  io  Sweden,  iSbrd  cobalt  pjritai. 

Sulphunt  of  NicM,  fonoerly  loppoaed  to  be  uatiTa  nickel,  till  its 
eraqkoiitioii  was  ascertained  by  Artrtdaoa,  occnni  in  tin  cspilliry 
fbm,  or  that  of  long,  wiia-ahaped  oyitala,  of  a  brau-yeUow  tint, 
tmUiAd. 


ing  Boine  ndetiai.  It  ia  found  in 
MTeral  fbrniB  as  compact,  foliBted 
or  cijEtalliied,  the  pnmidve  form 
being  an  acute  octaedron,  with  a 
•qnvebaie.  (See  marginal  figure.) 
One  Tarietj  ia  the  malleable  copper 
peculiar  to  SiberiB:  the  coloar 

Fiteel-grey.  The 
yellow  capper 
and  capper  pjritea,  oontaio  mach 
iron,  a*  well  aa  oopper  and  anlpbur.  Variented  or  peacock  copper 
oi«,  which  ia  of  thia  kind,  eihibil*  £ne  indeaceot  ooloars.  Among 
the  aulphuretl  of  copper  may  be  reckoned  the  aecoDdarji  foeaila,  a^led 
Frankenbei^  com-eara,  which  are  fbnnd  in  bitominoaa  marl-alate, 
K  Frankenbe^,  in  Heaae ;  aad  are  chiefly  compoced  of  Tilreoiia 
and  ney  copper.  Tennantite,  found  in  copper-mine*  naar  Red. 
mtb,  In  Coruwali,  appear!  to  differ  from  ney  copper  ore,  in  con- 
taining more  aulphni  and  lea*  iron,  and  in  poaaeaaing  greater 
bardiieBa. 

Sl^lphuTtt  if  Lead,  or  Gaitna,  ia  the  moat  important,  aa  well  ae  tbe 
moat  oommon  of  the  orea  of  thia  metal,  conatitDting  the  principal 
•otme  from  wMcb  it  ia  obuined.  It  naualty  contaioi  ailrer,  in  addi- 
tion to  lead  and  aolphor.  It  occurs  in  extensive  beds  and  Teine,  ia 
jiriniitiT«  and  aaoondary  rocka.  most  sbundsntly  in  argillsceous  ecbiat 
and  aacoodary  limeatooe ;  and  it  is  accompanied  by  die  ores  of  zinc, 
ooppar,  inm,  and  ailrer;  and  byqnarta,  inlpbste  of  bsrylei,  carbonato 
of  lime,  and  fluoride  of  calcium  (flnor  spar).  Much  of  this  ore  ia  ob- 
tained from  the  minea  of  Dorbyahire.  jt  is  found  masaive,  or  orja- 
taUiiad  in  cobe*  and  legolat  ootaadrona.    The  p«*«Mk  lead  ore  of  the 
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n  diiplrri  rvying  potpls  tinta,  like 
ve't  at  pMCOok'a  neck.  A  oranMct 
\  and  apeonlu  Tsrietf  is  lUled  bylhe  Der- 
A  l^abire  minen  "  Stickenside."  Blae  l«ad 
/  oro,  cryBtvllJied  in  hfliB^onBl  |nisiDB,  is 
X  found  at  Hael^t,  in  Bratsgnt.  AJiti- 
j  moniUed  gilenii,  of  a  tin-vbits  oolmir, 
'  ■^legated  arjPBtali.  contains,  beaida 
lead  and  aalpbur,  a  large  portioo  of  anti- 

SutphuTtt  <f  BinmlA,  or  Binntitb  Clanci,  oceDra  mBaaive,  or  in 
dehcale  aciculai  ciyitala  Cupreoua  bismntb  ore  is  a  anlpbnrat 
of  biamntfa  and  copper,  whicb  ia  fbond  msesire  and  disaemuMed. 
Needl«  ore,  ■  aulpboral  of  biamuth,  lead  and  copper,  whicb  dwirea 
ita  qtpelUtion   from  its  wire-tike  appearance,  dccdtv  imbedded  in 


SatphuTtt  Iff  MirtuTg  sihibitl  some  diveraitj  of  coloai  and  font. 
Then  are  two  varietiea,  cinn^ar,  and  hepalio  merouiial  ore,  tha  fonaer 
of  which  u  divided  by  Werner  into  the  dark  red  cinnabar,  the 
ooloQT  of  which  apptoachea  that  of  cochineal ;  and  the  bright  red,  or 
native  veroulioo      The  hepatic  mercanal  an,  or  livei  ore,  ia  a  miz- 

^ -—w^t^^^^       tare    of    oiimabar  with    bitonmiouB    and 

0  Vttit  ^^^mB  AStlliT  matter,  oompaet  and  aUn,  fbnnd 
r  (jV',  JP^I  intbemmeaofldriL  ConJ  ore  ia  of  the 
[ij^HK  t'Cr  ^^^  B*™"  nature,  with  petrllastionB,  Thia 
n  Vr  ■>   rllAfn^  anlphuret  oocur*  diaaeminated  and  m 

m^  "      i"  y   flcial  forming  arTjoreaoent  E) 

/        '  slate  &c     (See  marginal  G| 

Sulph^rn  fSilvtr,  or  Ftlmwi  Sistr  On. 

occurs  maasive,  or  oiystalliiad  in   eobea, 

DCtaedrona  aod  dodecstdrons  besides  other  fbima.  Black  ailrei  on  ia 

a  pulTarulent  vsnety  of  ibis  sulpburet.  baring  a  acoriaoeoda,  aootj 

appearance ;  sometinieB  maBsir*,  or  coating  natire  ailrer. 

SvlphuTtl  of  Antimony,  or  Gr<y  Jntintoiiy,  occurs  compact,  foliated, 
■adiatad,  or  ^omoB* ;  compoMd  of  down;  fibni,  diapoaad  in  aaata,  oi 


it  BguTM  CHI  (day- 
ilGgnre.] 
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ftwicolBl  oryitals,  (Sm  msrgiaal 
fi^re.)  Soma  rarietira  exhibit  ■ 
fine  iridiaoeat  blDe«  jrdlow,  tutd  red 

SuiphaTtl  ef  Armnie,  when  it  con- 

b  tuns  B  la^e  propoction  or  lolphur, 

7  Gonsntutw  tbe  mineral  called  orpi' 

ment,  obsracteriied  bjita  bright  jel- 

low  coloni ;  with  a  leigei  propoidoa 

of  Hdlphnr,  araenic  forma  realgar,  or 

led  orpuoeat.    The  latter  ia  said  to 

ocmi  chiefly  ia  primitiva  rooks,  bat 

the   jeliow  oipiment  in  the  aeoon- 

dary  or    floetz    fdcIb    of  Wemar ; 

a  fbuud  Dear  toIodob      Theae  minerals  are  aometimeB 

I,  or  UinaUated ,  and  occaaionallj,  but  more  rarelj,  crjatal- 

Sulphure, 

plumbago.  I — o — j  — 

la  foiua  in  Siraden,  Bdiemia,  and  near  Mont  Blanc,  disaeminated  ii 
a  grejr  granite.  It  haa  alao  been  met  with  in  Cornwall,  and  in  lurer- 
neaa-ahire.  North  Britain. 

b.  Compotite  Solphareu. 

Sulfhtirtt  of  Armiic  and  Inm,  Jrtaueti  Pyrita,  or  Afi^idul,  oacnra 
principally  in  reins  in  primitiTe  Butintaina,  and  ia  commm  i>  the 
copper-minea  of  Cornwall.  It  ia  oftaa  iridsaeent.  Some  Tirietiea  are 
■rgentifaooi,  and  exhibit  a  tamisbed  ailier  hue.  Glanei  Cniolt  ia  an 
lia-anlpbnret  of  cobalt,  whiah  ii  f 
in,  end  crjatalUied  in  cnbsa,  ootaed 
dDdacwdrona,  and  Taiious   other  derivstire 


a  wilphurel  of  lead,  antimonT,  and  copper) 
orystalliied    in   tetfaednl  pnama,  Tanouly 
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Rid  or  Ruli!!  Stlwr  On  ii  diatinguidisd  ioto  two  kiada,  tlia  ditk 
red  wd  tba  liEht  red,  botb  cijBtsltizJng  in  heitiedrel  prism*  j  but  tbs 
fbnner  U  h  aulpharet  of  eilTer  and  autimonj,  and  the  Utter  »  ■olphurel 
of  silver  and  arBeuic  :  there  ue  also  other  Tarieties. 

Gnif  Capfir  Ort,  01  Fakltn,  ia  a  double  aulphor  salt,  of  copper  and 


Tba  Oxida  <f  Mongonot 

generally  disBemi ''    "^ 

other  Enropean  e 


COcBidersble  varietj,  and  are  rtsj 


Ln  Grei 


Grej  Manganeae  crystallizea  in 
delicate  acicolar  crystals,  and 
other  Tarietiea  are  radiated, 
foliated,  or  compact,  the  Ut- 
ter sometimes  in  botrjoidsl 
maaaea.  Earthy  Grej  Man- 
gsneae  is  mach  Deed  in  tin 
pr^wnition  of  oxyeen  gai. 
Mbrons  Black  &•--   - 


f  found  dendritic,  on  the  aur- 
-'  bee  of  atone,  or  indaialed 
marL  (See  marginal  figure.) 
Wad  is  often  ochreoua,  of  a  broim  or  black  colour.  Sulpburettad 
Ozids  of  Manganese,  which  r^aemblea  the  grey  oxide,  ia  (buod  with 
the  ores  of  tellurium,  at  Nt^yi«,  in  Tranaylraiiia.  Franklinite  is  an 
oxide  of  manganese  with  doc  and  iron. 

The  Oiida)  D^  Iran  are  eitremaly  uumerooa.  Specular  Oxide,  or 
Iron  Glance,  lound  in  the  lale  of  Elba,  is  remarkable  for  its  beautifol 
itidescent  or  changeable  colours  ;  and  specimens  firom  Stramboli  and 
Vesuvius  occur  in  large  lamellir  orystsla,  often  imbedded  in  lava, 
looldng  like  polished  atiel.  Iron  Mica  is  found  in  delicate,  brieht, 
faeiaedral,  tabular  ciyatals,  of  an  iron-grej  colour.  B«d  Iron  Ore 
includes  the  varieties  of  compact  red  ironstone,  and  red  hnmatite,  (ba 
latter  in  large  masaei,  uniform,  or  mammillatBd.  MagnMia  Ironstou, 
or  Oiidnlated  Iron,  ia  very  common,  both  maadve  and  otynaUisAd.  in 
octaedrona.  Wootz,  or  Indian  Suel,  is  obtained  from  an  ore  (^  (hi* 
kind,  found  in  the  East  Indies,    HydrMU  Oaideof  lion,  or  Brown 
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IroDMona,  oocuri  id    8e»er»l  TarititisB,   aa   the    Micaceoas,  called 

Goelhile.  fonaing  tranaparent  tables,  of  a  blood-red  hue ;  that  in  fine 

tcalea,  lining  tbs  cells  or  Tcaiclea  Touud  if  lava ;  in  tbe  state  of  a  dark 

browD    powder,    naed     by    the 

j'^^~^^j^  Booshuaaaa  of  Soath  Afnoa,  aa 

fcEiK^  hair-powder;   the  fibroua  brown 

'  '~  1^-  ironatone,  or  brown  bsmatite,  in 

silky  bbres,  or  uned,  attached  to 

'   the  roofs  or  waits  of  caverns  ;  the 

compact    IiiowD    iron    ore,     and 

,^^_^  brown  oehra.      Argillaceous,  or 

V.  r^  '''*!'  Ironstone,  occurs  in  nodulra, 

^^.^_  -    reniform  masses     &c.  (see  mar- 

ginaJ  tag  ore )f  and  Bomo  specimens 

exhibit  impressions  of  fems  and  other  Togetsblea. 

Among  the  Oiida  of  Capper  are  the  natiTO  protoxide,  or  Rnbf 
Capper  Ore,  which  occurs  maisire  and  crjatallized  in  octaedrona  and 
othar  Bgurea :  and  iheie  ia  a  veriet^  found  in  Gennsoj  in  beaoliM 
bright  red  cspillaiy  ciyslala.  The  Tile  Ore,  a  compact  eaithjr  raiietj. 
ia  a  mixture  of  ruby  copper  and  brown  iron  ochre. 

Oiida  of  Liad,  oi  Kativt  JUjnium,  supposed  to  be  produced  from  the 
deeompoaition  of  galena,  baa  been  found  in  the  lend-mjnes  of  York- 
shire, and  on  the  continent  of  Europe.  Yellow  onde  has  been 
obtained  &om  Siberia ;  and  an  aah-grey  variety,  coating  galena,  is  said 
to  have  occurred  in  Nortli  Wales.  Flotsbgomme,  ao  cdled  fi-am  its 
appearance,  ia  a  compoand  of  lead  with  ongen,  alumine,  and  WBter, 
of  a  shiDing  yellow  coloar,  and  msmmillalBd. 

OxuU  cf  aimuah,  or  Banmlh  Ochre,  is  a  lirht  yellowish-grey  or 
Kreeniah  mineral,  wrthj  and  friable,  which  ig  found  in  Saxony  and 

Oiidt  if  Zinc,  called  red  oxide,  from  iia  colour,  occara  diaaeminsted 
in  gTDopB,  indeterminately  cryalalliied,  or  of  ■  lamellar  struotare,  in 
iron-mines  in  New  Jersey,  N.  A. 

OridM  o/  CdAoU.— The  Black,  Brown,  and  Yellow  Cobalt  Ochres, 
•ppetr  to  be  hydrates,  or  combinations  of  water  with  the  oxidea  of 
oobalt  and  manganese,  frequently  mixed  with  oxide  of  iron. 

Ofidt  ^  VTanhm,  called  Vran  Ochrt,  exbibita  various  ahades  of 
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vellow.   Pecbblende  is  a  ferriferous  oxide  of  uranium,  containing  also 
lead,  copper,  and  other  substances. 

(hide  of  Tin  includes  common  tin  ore  and  wood-tin.  The  former 
occurs  massive,  variously  crystallized,  and  disseminated  in  granite ;  it 
also  forms  delicate  capillary  crystals.  Wood-tin  has  been  found  only 
in  Cornwall  and  in  Mexico;  its  structure,  in  general,  is  fibrous, 
having  the  appearance  of  wood,  but  extremely  heavy.  A  Tariety 
called  in  Cornwall  toad's  eye  wood*tin,  exhibits  globular  concretions 
of  radiating  fibres  disposed  concentrically  in  brown  and  yeUow  colours. 


OXIDES   AND   OXACIDS  OF    BLECTRO-NEOATIVE    SUBSTANCES,   WITH    THEIR 

COMBINATIONS. 

Alumina  and  Aluminates, 

The  Oxide  rf  Aluminum ,  which  constitutes  in  its  pure  state  alumin- 
ous or  argillaceous  earth,  sometimes  occurs  alone  in  a  crystallized  form, 
and  sometimes  acts  the  part  of  an  acid,  entering  into  combination  with 
the  oxides  of  other  bodies.  Among  the  varieties  of  native  Alumina, 
are  the  Perfect  Corundum,  which  is  found  of  different  colours.  The 
blue  kind  is  the  gem  caUed  the  Oriental  Sapphire,  the  purple  the 
Oriental  Amethyst,  the  yellow  the  Oriental  Topaz  or  Chrysolite,  the 
green  the  Oriental  Emerald,  and  the  red  the  Oriental  Kuby.  The 
Adamantine  Spar,  or  Imperfect  Corundum,  and  Emery,  are  also  chiefly 
composed  of  tdumina,  containing  only  very  inconsiderable  portions  of 
Silica  and  Oxide  of  Iron.  Fibrolite  (called,  by  Lucas,  Boumonite), 
according  to  an  analysis  of  Chenevix,  consists  principally  of  alumina 
and  silica.  The  Indianite  of  Count  Boumon  is  a  granular  nuneral 
from  the  Camatic,  containing  specks  of  Hornblende,  and  it  is  one  of 
the  matrices  of  the  common  corundum.  Diaspora  and  Gibbesite  are 
hydrates  of  alumina. 

The  Aluminate  of  Magnesia  occurs  in  the  Spinel  or  Balaa  Ruby, 
consisting  of  red  octaedral  crystals,  and  there  is  a  blue  kind  of  spinel 
found  in  Sudermania,  in  Sweden.  Ceylonite  or  Pleouaste,  which  has 
been  reckoned  a  variety  of  the  spinel,  according  to  Ekeberg,  contsias 
iron  as  well  as  alumina  and  magnesia.    The  Automalite  or  Gahoite, 


KOCK-CKTSTAL   AKD  QUABTZ. 


Floiid>giimme,  alreadjrmeDtioaed,  u  a  hjdroua  ■laminaie  o(  lead. 


5ilka  ami  SiUcaUi. 

Ths  Oiidtoi  AddafSUitm,  mi  iti  combiDstioni  with  tbe  olidss  of 
other  bodiflfl,  form  bj  much  the  most  aumerotta  divisioa  of  mineral 
wbatancBS.  In  preTion*  anaogementa  th«  liliceouB  minerals  have  in 
gansr*!  been  coaiidered  >■  comtitutiiiK  «o  msiij  diatiDct  ap«ciM,  but 
tbey  msj  with  more  propriety  ba  leguded  aa  merelj  rarietieB,  whose 
peculiar  exlsnul  characters  are  reapectiTelj  derived  from  the  admii- 
tnre  of  extraueoiu  subManoes,  ot  from  other  eirciuoatances  coonecled 
with  their  formation. 

Rook-orjwal,  which  is  composed  of  pure  eiliceona  earth,  ciya- 
talhiea  in  TBriouB  forme,  the  primitin 
crjBtnl,  which  ia  of  rare  occurrence,  being 
an  obtuse  rhomboid.  Somelimea  it  ap- 
pear in  heiaedral  pframida,  with  aciculsr 
direrging  Gbrea,  as  in  the  marginal  Gguie. 
Van-  fine  apecimens,  and  some  of  eitra- 
ordinaty  aize,  are  found  in  Madaeiscai, 
and  among  the  Alpe.  At  the  British 
.  Museum  are  rock-crystals  more  than  a  foot 
>  in  length.  Among  the  accidental  varieties 
may  be  mentioned  Cairngorm  stones,  from 
the  mountain  of  CaimgDrm,  in  Scotland, 
also  called,  from  their  cdIduts,  brown, 
yellow,  and  smoky  topazes.  Of  the  same 
nature,  bntcaloarless,  are  Bristol  diamonds. 
found  on  St.  Vincent's  Rocks,  neat  the  Hot  Wells.  Amethyst 
Quartz  ia  tinged  with  a  little  iron  and  manganese.  Rose  Quartz  de- 
rirea  its  roseate  hoe  from  Mai^anese.  Red  Quartz,  in  gmall  crystals, 
ooloiirsd  by  iron,  has  obtained  the  name  of  Hyecin^  of  CompostellB. 
Odier  TBiietiea  are  Gbroni  quartz  ;  Bexibla  sandstone,  found  in  BraiU. 
and  at  Mount  St.  Gothaid,  in  Sfritierland ;  stalsnnitio  quarts,  or 
quutfrUDtefi  including  the  silicMos  eoneretiini*  formed  by  depo- 
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sition  from  the  hot  springy  of  Geyser,  in  Iceland ;  peed-sinter,  or 
fiorite,  from  Ute  hill  of  Santa  Flora,  m  Tuscany,  and  from  the  Isle  of 
Ischia ;  ceraunian-sinter,  or  fulgurite,  supposed  to  have  heen  formed 
by  the  action  of  lightning  ;  iron-flint,  or  ferruginous  quartz,  contain- 
ing small  quantities  of  iron ;  and  hyalite,  which  contains  water  com- 
bined with  silica.  Prase  or  Green  Quartz,  contains  Actinolite. 
Avanturine  is  a  beautiful  kind  of  quartz,  of  a  rich  brown  colour,  exhi- 
biting •  interspersed  glittering  particles,  either  from  the  presenee  of 
minute  scales  of  mica,  or  from  the  occurrence  of  abundance  of  smsAl 
fissures,  which  cause  numerous  reflections  of  the  rays  of  light;  and 
the  cat's-eye,  chiefly  from  Ceylon,  displays  an  opalescent  lustre, 
owing  to  ahnost  invisible  fibres  of  Amianthus  imbedded  in  the  quarts. 
Homstone  is  of  two  kinds,  called  conchoidal  and  splintery,  fttan.  the 
mode  of  fracture ;  its  most  usual  colours  are  reddish-white,  milk- 
white,  and  very  light  grey,  sometimes  stained  with  dull  yellow ;  snd 
the  splintery  homstone  occasioiiaUy  is  marked  with  small  irregular 
spots,  supposed  to  be  owing  to  the  presence  of  chlorite. 

Common  Flint  exhibits  a  vast 
variety  of  singular  fonns  and  ap- 
pearances, most  of  which  seem  to 
be  derived  from  organic  bodies. 

Calcedony  occurs  of  different 
colours,  as  pale  blue,  grey,  and 
sometimes,  but  more  rarely,  of  a 
light  green  hue  ;  it  is  crystallised 
in  obtuse  rhomboedrons ;  speci- 
mens of  botryoidal  calcedony  are  found  in  the  Ferroe  Islands ;  and 
nodules  inclosing  water  (enhydrites)  in  volcanic  rocks,  at  Monte 
Berico,  near  Vicensa,  in  Italy.  Some  specimens  exhibit  curious  den- 
dritic and  other  figures  on  the  surface,  of  a  red  or  black  colour;  they 
are  called  Mocha  Stones,  and  are  used  for  the  covers  of  snuff-boxes, 
and  for  ornamental  purposes.  Camelian  is  distinguished  from  calee- 
dony  merely  by  its  colour,  being  red  or  yellow,  and  sometimes  striped. 
Plasma  is  of  a  dullish  green  colour,  ofiten  spotted  with  white.  Helio* 
trope  is  a  mixture  of  calcedony  with  green  earth,  occasionally  oontain- 
ing  particles  of  red  Jasper  interspersed,  whence  it  is  styled  Blood- 
stone ;  some  varieties  are  yellow  spotted  and  semi-trsnspsrent. 
Chrysoprase  is  a  beautiful  variety  of  calcedony^  which  owes  its  i^iple- 
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green  colour  to  oxide  of  nickel.  Pimelite  is  a  similar  green  siliceous 
earthy  mineral,  which,  according  to  Klaproth,  contains  a  large  propor- 
tion of  water.  Agates  are  siliceous  compounds  of  an  analogous 
nature,  displaying  rarietj  of  colour  dirersified  by  curved  and  angular 
lines,  forming  multitudes  of  singular  and  beautiful  figures.  Hence 
their  soFeral  designations  of  striped,  zoned,  fortification,  landscape, 
moss,  spotted,  and  clouded  agates. 

The  Jaspers  form  a  multifarious  division  of  siliceous  minerals.  The 
globular  or  Egyptian  Jasper,  of  various  shades  of  red,  is  found  at 
Cairo,  in  masses  supposed  to  be  formed  by  infiltration;  riband  or 
striped  jasper,  generally  of  a  browoish-red,  with  green  bands,  occurs 
in  Siberia ;  agate  jasper,  found  only  in  reins  of  agate,  exhibits  a  diver- 
sity  of  colours,  red,  white,  and  yeUow  ;  porcelain  jasper,  which  has  a 
vitrified  appearance,  is  produced  by  the  operation  of  subterraneous 
heat  on  clay-slate. 

Opal  is  inferior  in  beauty  of  appearance  to  few  minerals,  being  dis- 
tinguished by  a  peculiar  chatoyant  lustre  or  play  of  colours,  arising 
from  a  multiplicity  of  minute  and  otherwise  imperceptible  fissures 
within  its  substance.  These  are  the  noble  opals,  the  finest  specimens  of 
which  are  found  in  Hungary.  The  gyrasol,  or  fire-opal,  from  Mexico, 
displays  usually  reddish,  yellowish,  and  greenish  tints,  with  a  flame- 
like  iridescence,  depending  on  interior  fissures.  The  common  opal 
and  the  semi-opal  are  destitute  of  the  play  of  colours  which  charac- 
terizes the  noble  opal.  Hydrophane,  or  Oculus  Mundi,  is  white  and 
opaque  when  viewed  in  the  air,  but  is  rendered  transparent  by  immer- 
sion  in  water.  Wood-opal  is  found  of  various  colours,  generally 
bright  yellow,  and  its  appearance  betrays  its  nature,  as  opaUzed  wood. 
Jaspopal  exhibits  red,  brown,  and  yellow  colours,  and  is  sometimes 
spotted.  Menilite,  so  called  because  it  is  found  at  Menil-Montant, 
near  Paris,  is  nearly  allied  to  common  opal.  All  the  opals  are  re- 
garded as  hydrates  of  silica. 


a.  Silicates  with  a  Single  Base. 

TahU'tpar,  or  WoWutonitef  found  at  Mount  Vesuvius,  Nagyag  in 
Transylvania,  and  elsewhere,  is  a  silicate  of  lime. 
The  Sitieata  if  Magnaia  an  more  numerous,  including  Steatite, 
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which  is  white,  or  mottled  like  soap,  and  of  Tarious  colours,  the  yel* 
lo wish-green  variety  being  among  the  most  remarkable ;  Keffekil  or 
Meerschaum,  of  which  pipe-bowls  are  manufactured;  KeffekiUite, 
found  in  the  Crimea;  Lithomarge,  sometimes  of  a  reddisb-jellow 
colour,  and  sometimes  of  a  purple  hue,  but  more  frequently  white. 

Silicate  of  Zinc,  called  likewise  electric  or  siliceous  calamine,  is  ob- 
tained from  Hungary  and  Siberia. 

Silicate  of  Manganese  occurs  in  varieties,  which  have  been  distin- 
guished by  different  names,  as  allagite  and  rhodonite. 

Silicate  of  Cerium,  or  Cerite,  found  at  fiastnaes,  in  Sweden,  contains 
yttria  as  well  as  oxide  of  cerium,  and  therefore  belongs  to  the  next 
division.     (See  p.  £50.) 

The  Silicates  of  Iron  include  the  Hisingerite,  the  Sideroschisolite, 
and  the  Chlorophaeite. 

The  Silicates  of  Copper  are  ChrysocoU,  Siliceous  Malachite,  or 
Mountain-green,  which  contains,  according  to  Klaproth,  Carbonic  Acid, 
as  well  as  Silica,  and  Water;  and  Dioptase,  or  Copper  Emerald,  a 
scarce  mineral  from  Siberia. 

Silicate  of  Zirconia  includes  the  common  Zircon,  and  some  hyecinths 
from  Ceylon,  and  other  countries ;  besides  the  variety  called  ziroonite, 
and  the  blue  zircon  from  Mount  Vesuvius. 

Among  the  Silicates  of  Alumina  are  the  Kyimite  or  Disthene,  and 
its  varieties,  the  Bucholzite,  and  the  Sillimanite.  The  hydrous  silicates 
of  alumina,  or  those  containing  water,  exhibit  considerable  variety, 
including  some  kinds  of  lithomarge,  fuller's  earth,  bole,  cimolite, 
haloisite,  &c. 

Finite  occurs  ciystallized  in  equiangular,  hexagonal  prisms,  of  a 
blackish-green  colour,  imbedded  in  granite;  and  Gieseckite,  found 
in  Greenland,  appears  to  be  a  variety-  of  this  mineraL 


b.  Silicates  with  Several  Bases. 

Apophyllite  is  a  hydrated  silicate  of  lime  and  potash ;  Me80t3ri>e, 
or  Needle  Zeolite,  is  a  hydrated  silicate  of  Alumina,  Lime,  and  Soda, 
occurring  in  acicular  tetraedral  crystals,  as  in  the  following  fig^ure; 
Natrolite  contains  alumina  and  soda,  but  no  lime ;  and  Scolicite  and 
Thomsonite  are  hydrated  silicates  of  alumina  and  lime.     Analcime  is 
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a  silicate  of  alumina  and  soda  with  a  small 
quantity  of  lime.  Stilbite  is  a  hjdrated 
silicate  of  alumina  and  lime,  containing  (ac- 
cording to  Gehlen)  a  little  soda.  Laumontite, 
so  called  in  honour  of  M.  Gilles  Laumont, 
who  discovered  it  in  the  lead-mines  of  fire- 
tagn6,  differs  from  the  preceding  in  containing 
no  soda,  but  some  carbonic  acid ;  it  is  subject 
to  efflorescence  when  exposed  to  the  air.  Here 
may  be  mentioned  Obsidian,  of  a  black  or 
smoke- grey  hue;  massive,  with  a  concboidal 
fracture ;  I'itchstone,  green,  reddish-brown,  or 
nearly  black,  like  pitch ;  and  Pearlstone,  of  a 
dark  bluish-grey  colour,  massive,  but  having  a 
granular  appearance,  with  a  shining  lustre. 

Among  the  zeolitic  substances  may  also  be  mentioned  Prehnite,  of 
which  there  are  two  principal  varieties,  the  radiated  or  fibrous,  which 
is  of  a  green  colour,  and  the  foliated,  in  thin  tabular  crystals,  of  a 
greenish-white  colour ;  both  consisting  principally  of  silica,  alumina, 
lime,  oxide  of  iron,  and  water,  of  which  last  body  the  foliated  prehnite 
contains  but  a  minute  quantity;  comptonite,  a  volcanic  substance, 
found  lining  the  cavities  in  lava ;  gmelinite,  or  hydrolite,  and  levine. 
In  the  same  family  is  to  be  reckoned  the  harmotome,  or  cross  stone, 
which  has  received  the  latter  name  from  the  peculiarity  of  its  crystal- 
lization, and  which  consists  of  silica,  alumina,  barytes,  and  water ;  and 
the  potash  harmotome,  which  includes  the  Vesuvian  minerals,  styled 
zeagonite,  gismondine,  and  abrazite. 
To  the  Feldspar  family  belongs  several  important  mineral  bodies. 

Common  feldspar  is  found  exhibiting  a 
diversity  of  colours,  as  white,  grey,  light 
red,  green,  and  blue,  crystallized  in  rhombic 
prisms,  variously  modified,  imbedded  in 
granite.  Labrador  felJspar  is  found 
massive  and  compact,  displaying  a  beau- 
tiful variety  of  opalescent  colours.  Among 
the  feldspathic  minerals  are  Adularia,  or 
Naker  feldspar ;  Cleavelandite  or  Albite, 
containing  soda ;  Leucite,  or  Amphigene ; 
and  Spodamene  or  Triphane,  and  Petalite,  both  aluminous  aili- 
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paraDlhini 


a  nineralB  i 


<r  VesuiiuB,  acapolite. 


IK  and  talcose  minarals  form  an  intareatiDg  diviaiaii  of 
.  _   . .  Mica  eihibita  manj  varietiea,  which,  with  reference  to 

(heir  chemical  chBracUrB,  haie  be«n  divided  into  potaaaa-mica,  which 
ia  by  much  the  most  common ;  magnesia-mica,  foand  at  fiiouat 
Veau>HuB,  and  at  Muaroe,  in  the  state  of  New  York.  N.  A. ;  and 
iithia.mica,  or  lepidolite,  uimeliinea  of  a  beautiliil  peaA-red  colout- 
1'bIc  is  (bund  in  conaidenble  Variety,  as  the  Venetian  talc,  in  foliated 
cnratala  of  a  Kreeniab-white  colour,  a  gubstance  which  forma  the  basis 
of  touge,  used  aa  a  cosmetic  ;  indurated  talc;  and  si^almBtoliie  (lule 
graphigut  of  Hany),  a  eectile  mineial,  which  the  Chinese  form  into 
cups,  images,  or  other  figurea.  Chlorite  in  a  green  mineral,  ciyatal- 
liied  in  aggregated  am^l  modified  rhombic  prisms ;  and  there  tve 
earthy  and  foliated  Tarietiea. 

Among  th    amphibolic  minerals  or  thoae  of  the  hoTablende  famil 


namented  with  waving  lines,  as  lepreaaatsd  in 
ceding  figure.    Chrysolite  end  Olivine,  like  serpentine,  aia 
ired  by  oxide  of  iron, 
le  aabeatiiie  tninends  In  their  chemjeal  coinponli<m  m«  teluad  lo 
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the  preceding.  Among  the  most  remarkable  varieties  may  be  men- 
tioned, the  flexible  asbestus,  or  amiantbas,  used  in  making  incom- 
bustible doth ;  mountain  wood,  rock  cork,  and  the  blue  and  yellow 
asbestus,  from  South  Africa,  called  krokydalite. 

The  pyrozenic  minerals  are  numerous,  including  augite,  found  in 
small  black  crystals,  imbedded  in  lava,  the  granular  variety  of  which 
is  called  coccolite;  diopside,  including  the  mussite  and  the  alalite, 
from  Piedmont ;  the  pyrgomme,  or  fassaite,  which  differs  from  augite 
in  the  form  of  its  secondary  crystals  ;  and  the  achmite.  To  these  may 
be  added  the  Diallage,  or  schiller^spar,  of  a  green,  brown,  or  black 
colour,  and  having  a  metallic  lustre  ;  the  bronzite,  having  much  the 
colour  and  lustre  of  bronze ;  and  the  hypersthene,  tinted  with  a  mix- 
ture of  brown,  black,  and  copper  colour,  and  exhibiting  considerable 
metallic  lustre. 

The  Epidote  is  a  mineral  of  a  green  colour,  massive  or  in  large  crys- 
tals, containing  silica,  alumina,  lime,  and  oxide  of  iron ;  and  some 
varieties  also  t^ord  oxide  of  manganese.  Zoisite  resembles  epidote  in 
its  chemical  constitution,  but  it  is  generally  of  a  bluish  or  yellowish- 
grey  colour.  Idocrase,  or  vesuvian,  is  of  the  colour  of  brown  resin, 
and  of  a  shining  lustre,  and  is  found  in  prismatic  crystals,  among  sub- 
stances ejected  from  volcanos ;  and  of  a  similar  composition  is  the 
heasonite,  or  cinnamon-stone ;  both  these  minerals  containing  silica, 
alumina,  lime,  and  oxide  of  iron.  Cyprine  is  a  variety  of  the  idocrase, 
tinted  blue  by  the  oxide  of  copper. 

The  Garnet  family  contains  numerous  and  diversified  varieties,  which 
are  silicates  of  alumina,  tinged  with  oxide  of  iron  or  other  metals.  The 
pyrope,  or  chrome  garnet,  of  a  dark  ch«rry-red  colour,  occurs  in 
rounded  and  aag^ar  concretions,  and  likewise  imbedded  in  serpentine 
and  other  rocks ;  the  colophonite,  so  named  from  its  resembling  resin 
in  colour  and  lustre,  contains  oxide  of  manganese,  and  a  minute  quan- 
tity of  oxide  of  titanium ;  the  melanite,  or  black  garnet,  according  to 
Klaproth,  is  an  aluminous  silicate  of  lime  and  iron,  with  a  trifling  pro- 
portion of  oxide  of  manganese ;  the  grossular,  or  Wilui  garnet,  so  called 
from  the  resemblance  of  its  yeHowish-green  crystals  to  a  gooseberry,  is 
nearly  of  similar  chemical  composition ;  the  allochroite,  or  splintery 
garnet,  is  not  so  hard  as  quartz,  but  strikes  fire  with  steel,  and  melts 
before  the  blowpipe  into  a  black  enamel :  it  contains  oxide  of  manga- 
nese, M  well  as  oxide  of  iron,  in  considerable  proportions ;  and  analo- 
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eous  to  these  is  the  Romaazovite.  Tbe-Gehlenite,  so  called  from  Pro- 
fessor Gehlen,  an  eminent  mineralogist,  is  found  in  square  prismatic 
crystals,  of  a  light  grey,  oliire-green,  brown,  or  bluish-black  colour. 
The  lolite,  or  dichroite,  is  so  called  from  its  different  appearance  when 
viewed  in  different  positions,  generally  exhibiting  a  dull  violet,  or 
indigo  colour ;  but  if  viewed  by  transmitted  light,  in  the  direction  of 
the  axis  of  the  crystals,  it  appears  of  a  pale  yellowish*brown,  or  g^y 
hue ;  and  it  occurs  massive,  or  cnrstalliased  in  hexaedral  prisms :  ac- 
cording to  the  analysis  of  Dr.  Leopold  Gmelin,  it  is  an  aluminous 
siUcate  of  magnesia  and  oxide  of  iron,  with  smidl  quantities  of  lime 
and  oxide  of  manganese.  Karpholite  is  a  mineral  of  a  deep  straw 
colour,  in  radiated  fibres  or  tufts ;  it  has  only  been  found  at  Schlacken- 
wald,  in  Bohemia,  and  it  appears  to  be  a  hydrated  silicate  of  alumina, 
and  the  oxides  of  iron  and  manganese. 

Staurolito,  cross-stone,  or  granatite,  is  a  bisilicate  of  alumine  ami 
oxide  of  iron. 

Among  the  silicates  containing  yttria  and  protoxide  of  cerium  are 
the  Gadolinite,  a  very  dark  green  mineral  of  a  shining  lustre,  as  hard 
as  quartz,  found  at  Ytterby,  in  Sweden ;  Allanite,  a  brownish,  shining 
mineral,  from  Greenland ;  cerite,  of  a  reddish -brown  or  crimson  cokmr, 
found  massive  and  disseminated ;  orthite,  which  resembles  gadolinite, 
but  occurs  in  thin  veins  in  granite,  and  contains,  besides  yttria  and 
oxide  of  cerium,  oxide  of  manganese,  alumina,  lime,  and  water ;  and 
the  variety  called  pyrorthite,  wluch  inflames  before  the  blowpipe,  con- 
taining one- fourth  of  carbon. 

The  silicates,  containing  oxide  of  glucinum  (glucina),  constitute  a 
division  of  gems,  including  the  emerald.  The  Emerald  is  found  obiefly 
in  Peru,  ciystallized  in  regular  hexaedral  prisms,  of  a  fine  green  cotoor, 
which  it  derives  from  oxide  of  chrome.  The  beryl  occurs  in  prinutiTe 
rocks  in  various  parts  of  the  world,  but  especially  in  Siberia,  reaem* 
bling  in  the  form  of  its  crystals  the  emerald,  but  of  a  pale  green  or 
blue  colour,  containing  oxide  of  iron,  instead  of  oxide  of  chrome.  Very 
large  beryls  have  been  found  at  Limoges,  in  France,  and  at  Aokworth, 
in  New  Hampshire,  N.  A. ;  some  ciystals  weighing  more  than  &hy 

S)unds.  The  euclase  is  a  very  scaroe  mineral,  found  in  Peru  anil 
razil,  of  a  pale  or  bluish-green  colour,  crystallised  in  liiombic 
prisms ;  and,  according  to  Berzelius,  consisting  entirely  of  silica,  alu- 
mina, and  glucina.    The  chrysoberyl,  or  cymopbane,  occurs  crystal- 
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lieed  in  tetraedral  prisms,  and  variously  modified,  of  a  pale  yellowish- 
green  colour ;  and  it  is  an  aluminous  silicate  of  lime,  coloured  by  oxide 
of  iron.  Lazulite,  or  lapis  lazuli,  is  the  mineral  which  furnishes  the 
pigment  called  ultramarine ;  according  to  an  anal3rsis  of  Klaproth,  it 
contains  silica,  alumina,  hme,  sulphate  of  lime,  and  oxide  of  iron,  to 
which  last  it  was  supposed  to  owe  its  azure  colour ;  but  it  appears, 
from  the  more  recent  researches  of  Ghnelin,  that  ultramarine  is  a  double 
silicate  of  alumina  and  soda,  coloured  by  combining  with  sulphuret  of 
sodium,  and  it  has  accordingly  been  artificially  manufactured  in  France, 
in  large  quantities.  Lapis  lazuli  is  found  in  rolled  pieces,  in  various 
oriental  countries.  Haiiyne,  or  latiaUte,  is  a  mineral  of  somewhat 
analogous  composition,  containing,  according  to  Vauquelin,  silica,  alu- 
mina, lime,  and  sulphate  of  potasn,  with  a  small  quantity  of  oxide  of 
iron,  and  a  considerable  proportion  of  some  volatile  matter.  It  ex- 
hibits various  shades  of  blue,  and  is  found  imbedded  in  basaltic  and 
feldspathic  rocks,  in  granular  concretions,  and  also  crystallized  in 
rhombic  dodecaedrons. 

Sodalite,  so  named  from  its  containing  a  large  proportion  of  soda, 
'amounting  to  a  fourth  part  of  the  mineral,  is  of  a  dark  green  colour, 
massive,  or  crystallized  in  rhomboidal  dodecaedrons,  mibedded  in 
white  feldspar.  It  has  only  been  found  in  West  Greenland,  and 
since  on  Mount  Vesuvius.  Eudialyte  is  a  silicate  of  soda,  lime,  and 
zirconia,  with  oxide  of  iron,  oxide  of  manganese,  muriatic  acid,  and 
water. 

The  Tourmalines  and  Schorls,  with  their  varieties,  might  be  placed 
with  the  Borates,  as  they  contain  boracic  acid.  The  rubellite  is 
a  beautiful  variety  of  the  tourmaline,  of  a  pale  pink  colour,  sometimes 
imbedded  in  quartz.  One  of  the  finest  specimens  known  of  this 
mineral,  in  which  the  crystals  are  arranged  in  a  radiated  form,  is  pre. 
served  in  the  British  Museum,  having  been  originally  presented  to 
Colonel  Symes  by  the  King  of  Ava,  and  afterwards  placed  in  Mr. 
Greville's  collection.  There  are  also  red  and  blue  varieties  of  the 
robellite,  chiefly  from  Massachusetts,  N.  A.,  and  from  Siberia ;  flesh- 
coloured  tourmalines  are  found  at  R<»ena,  in  Moravia ;  to  which  may 
be  added  the  dark  green  variety,  called  the  Brazilian  emerald ;  and  the 
asparagus  green  in  Dolomite,  from  Campo  Longo.  Common  schorl 
occurs  in  black  acicular  crystals,  distinct  and  aggregated,  imbedded 
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in  qnarts  or  feldspar.  Black  schorl  is,  in  varioas  forms,  found  abund- 
antly disseminated  through  the 
granites  in  general  in  the  weet 
of  Cornwall,  from  Mousehole 
to  the  Land's  End.  A  speci- 
men of  green  tourmaline,  ana- 
lysed hy  Gmelin,  was  found 
to  contain,  besides  silica  and 
alumina*  oxides  of  iron  and  man- 
ganese, horaeic  acid  and  lithion ;  red  tourmaline  was  found  to  be  an 
iJuminous  silicate  of  potash,  and  oxide  of  mai^anese,  with  boracic  acid 
and  lithion ;  and  black  schorl  contains  silica,  alumina,  potash,  soda, 
oxides  of  iron  and  manganese,  and  boracic  acid  and  magnesia.  Axinite 
is  a  mineral  of  somewhat  analogous  composition,  containing  silica, 
alumina,  lime,  and  the  oxides  of  iron  and  manganese.  It  occurs  in 
thin,  flat  orjrstals,  the  primitive  fbnn  of  which  appears  to  be  a  right 
prism  with  a  rhombic  basis,  of  a  clove-brown  colour,  sometimes  very 
pale,  and  sometimes  approaching  to  grey.  Beautiful  large  transparent 
crystals  are  found  at  Bourg  I'Oisans,  in  Dauphin^,  in  France. 

The  Topas  family  constitutes  an  abundant  division  of  the  minerals, 
containing  silica  and  alumina ;  and  from  the  large  proportion  of  fluoric 
acid,  which  they  also  generally  afibrd,  they  might  perhaps,  without 
improprie^,  be  reckoned  among  the  fluorides.  The  characteristic 
colour  of  the  topaz  is  yellow,  but  this  gem  is  also  found  pink,  blue,  or 
colouiless.  It  is  found  crystallized,  in  rhombic  prisms,  with  pyramids, 
^  variously  modified,  and  its  cross  fracture  is  always  foliated.  This 
topaz  is  said  to  be  the  most  widely  distributed  among  the  precious 
stones,  occurring  not  only  in  Brazil,  but  also  in  New  South  Wales,  in 
Siberia  and  various  other  parts  of  Asia,  in  Saxony,  in  Scotland,  and  at 
St.  Michael's  Mouiit,  in  Cornwall.  The  pyrophysalite  is  found  of  a 
greenish-white  colour,  in  irregular  prisms,  imbedded  in  quarts.  The 
pycnite,  formerly  considered  improperly  as  a  varie^  of  the  beryl,  oc- 
curs in  thin,  prismatic  concretions,  which  are  sometimes  hexagonal, 
exhibiting  either  a  pale  lilac,  a  sulphur  yellow,  or  a  light  straw  colour. 
These  two  lastmentioned  minerals,  like  the  topaz,  are  compounds  of 
alumina,  silica,  and  fluoric  acid. 
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Oxide  of  Titanium  and  Titanatet, 

Titanium  is  found  in  the  state  of  oxide  in  various  parts  of  the  world, 
either  in  alluvial  strata,  or  imbedded  and  crystallized.  Rutile,  or 
rutilite,  also  called  titan  schorl,  is  a  brownish-red  mineral,  with  a  semi- 
metallic  lustre,  which  occurs  massive,  and  in  rhombic  tetraedral  prisms  ; 
it  is  also  found  in  capillary  crystals,  often  curved,  and  crossing  each 
other  in  all  directions.  Acicular  and  capillary  crystals  of  rutile  have 
been  found  inclosed  in  rock-crystal,  in  Brazil  and  elsewhere.  This 
mineral  appears  to  consist  of  peroxide  of  titanium.  Anatase,  or  octae- 
drite,  which  is  found  in  blue  or  party-coloured  long  octaedral  crys- 
tals, at  Bourg  TOisans,  generally  associated  with  quartz  and  adularia, 
is  a  protoxide  of  titanium. 

Sphene,  or  Titanite,  is  a  combination  of  the  oxide  of  titanium  with 
silica  and  lime,  which  occurs  imbedded  in  very  oblique  tetraedral 
prisms,  with  diedral  terminations,  wedge-shaped  in  each  direction. 
Amone  the  varieties  of  this  mineral  are  uiose  called  brown  and  yellow 
menachan  ore,  in  large  crystals,  found  at  Arendhal,  in  Norway ;  and 
pale  green  crystals,  containing  chlorite  disseminated  through  them, 
from  Mount  st.  Gothard.  P3rrochlore,  from  Fredriksvam,  in  Norway, 
is  a  compound  of  titanate  of  lime  with  titanate  of  uranium.  Nigrine 
is  of  a  velvet-black  colour,  and  is  found  in  rounded  and  angular  grains, 
having  a  semi-metallic  lustre.  Iserine  and  menachaaite  have  the  ap- 
pearance of  black  sand,  slightly  magnetic.  These  three  laatmentioned 
minerals  appear  to  consist  chiefly  of  the  oxides  of  titanium  and  iron ; 
though,  according  to  Dr.  Thomson,  iserine  contains  also  a  consider- 
able proportion  of  silica,  with  some  alumina  and  oxide  of  uranium. 
Crichtonite  is  a  silicate  of  titanium,  which  is  found  in  small,  black, 
shining  crystals  with  anatase. 


Columbic  Acid  and  Columbattt. 
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Bist  of  the  oxides  of  oolumbinm,  iron,  and  manganese.  Yttrotantalite, 
found  at  Ytteiby,  in  Sweden,  is  composed  of  oxide  of  columbium, 
yttria,  and  iron.  Among  the  minerals  which  contain  the  oxide  of 
columbium  are  also  the  Finbo  and  the  Brodbo-Tantalites  of  Berzelins. 


AnHmonie  Oxide  or  Acid,  and  AntimoniateSr 

Among  the  oxides  of  Antinumy  are  Antimony  Ochre,  a  straw- 
coloured  mineral,  often  coating  Grey  Antimony,  which  eraporates 
before  the  blowpipe  without  melting ;  and  White  Antimony,  which 
occurs  in  tetraednl  flat  crystals,  or  in  tufts  of  delicate  nbres,  on 
quartz,  galena,  &o.  Red  Antimony,  found  in  fine  capillary  crystals, 
stellated,  of  a  red  or  tarnished  purple  colour,  is  a  combination  of  the 
oxide  of  this  metal  with  the  sulphuret ;  and  an  argentiferous  variety, 
t>f  a  fibrous  texture,  and  reddish-brown  colour,  called  Tinder  Ore,  is 
found  in  the  Hartz  mines,  in  Germany. 

Tungstatet, 

Tungsten  is  found  only  in  such  a  state  of  union  with  oxygen  and 
other  bodies,  -as  to  constitute  mineral  salts  called  Tungstates  -  the 
compound  of  this  metal  with  oxygen,  as  it  occurs  naturally,  having  the 
properties  of  an  acid,  and,  as  such,  entering  into  combination  with  the 
oxides  of  certain  other  metals. 

The  Tungstate  of  Lime  {Scheelin  Calcaire  of  Hany),  also  named 
Scheelite  or  Tungsten,  and  from  its  great  specific  gravity,  Heavystone. 
is  a  whitish  or  yellowish-brown  mineral,  which  is  found  massive,  or 
crystallized  in  octaedrons,  coating  other  substances,  in  England, 
France,  Saxony,  Bohemia,  and  Sweden.  At  the  British  Museum  is  a 
specimen  of  the  primitive  (octaedral)  crystal  of  this  metallic  salt,  from 
Aliemont,  in  Dauphin^.  The  Tungstate  of  Iron  and  Manganese* 
called  Wolfram,  occurs  in  the  massive  form,  or  crystallized  in  tetrae- 
dral  tables,  variously  modified ;  hard  and  brittle,  of  a  colour  almost 
black,  and  a  metallic  lustre,  but  it  soon  tarnishes ;  it  abounds  in  Corn- 
wall, and  is  generally  found  in  conjunction  with  the  ores  of  tin,  in  pri- 
mitive formBtions.  The  only  other  native  Tungstate  hitherto  diBooveied, 
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is  that  of  Lead,  occurring  at  Zinnwald,  in  Bohemia,  and  which  whi 
fonnerlj  mistaken  for  a  molybdate  of  lead. 


Molybdic  Add  and  MolybdaUs. 

Molyhdena,  like  Tungsten,  forms  an  acid  with  oxygen,  and  mi-' 
neralizes  other  metals. 

Ochry  Molybdena,  which  is  found  in  Sweden  and  elsewhere,  in 
the  state  of  a  yellow  powder  incrusting  Feldspar,  or  the  native  SuU 
pfauret  of  Molybdena,  appears  to  consist  of  the  acid  of  this  metal. 
Molybdate  of  Lead  occurs  massive,  disseminated,  and  foliated,  or  in 
lamellar  hexaedral  crystals,  exhibiting  rarious  tints  of  yellow.  If 
was  first  found  in  Carmthia,  and  has  been  since  met  with  m  Hungary, 
Austria,  Saxony,  Mexico,  and  Massachusetts,  N«  A.,  frequently  im* 
bedded  in  Quartz. 


Chromie  Acid  and  Chromate$. 

Chrome,  or  Chromium,  is  another  acidifiable  metal,  though  the 
Chromic  Acid  has  not  yet  been  found  in  a  native  state. 

Protoxide  of  Chrome  has  been  discovered  in  the  department  of  the 
Rhone,  in  France,  forming  a  green  incrustation  on  other  minerals,  and 
it  constitutes  the  colouring  matter  of  the  Emerald.* 

Chromate  of  Lead,  or  Siberian  Red  Lead  Ore,  occurs  in  the  gold* 
mines  of  Beresof,  in  a  kind  of  micaceous  rock,  mingled  with  particles 
of  quarts  and  brown  ironstone,  forming  prismatic  crystals  of  a  deep 
orange  colour,  and  sometimes  accompanied  by  small  green  crystals, 
which  are  supposed  to  be  Chromite  of  Lead,  or  a  compound  of  the 
oxides  of  Chrome  and  Lead.  Vauquelinite,  a  mineral  accompanying 
the  Red  Lead  Ore  of  Siberia,  is  a  chromate  of  lead  and  copper. 
Chromate  of  Iron,  containing  also  Alumina  and  Silica,  has  been  found 
in  France,  in  Maryland,  N.  A.,  and  also  in  some  places  in  Siberia, 
massive,  or  in  octaedral  crystals,  of  a  black  or  bluish-black  colour. 


*  See  p.  S60* 
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Vanadic  Acid  and  Vanadiatet. 

Vanadium  being  one  of  those  metals  that  combine  with  oxygen  in 
different  proportions,  forming  acids  as  well  as  oxides,  it  enters  into 
union  with  the  oxides  of  other  metals. 

This  metallic  substance  was  first  discovered  in  1830,  by  Sefstrom,  a 
Swedish  chemist,  in  a  kind  of  iron  ore  found  at  Taberg,  in  Smoland. 
but  it  has  not  he&a.  ascertained  in  what  state  the  Vanadium  exists  in 
that  ore.  Shortly  after  the  metal  had  been  observed  in  Sweden,  Mr. 
J.  W.  F.  Johnston,  of  Edinburgh,  ^und  the  Vanadiate  of  Lead  in  a 
mineral  from  the  mines  of  Wtmlock  Head,  in  which  the  Vanadium 
constituted  the  principal  electro-negative  ingredient,  though  Chlorine, 
and  the  Arsenic  and  Phosphoric  Acids  were  likewise  present.*  There 
are  at  least  two  varieties  of  the  Wanlock-Head  mineral :  the  first 
resembling  arseniate  of  lead,  occurring  in  mammillary  tofts  on  the 
surface  of  calamine,  and  sometimes  passing  into  the  crystalline  form ; 
the  other  found  amorphous,  or  in  small  round  spots,  of  a  black  colo«ir. 
like  oxide  of  manganese,  coating  the  calamine,  or  dispersed  in  cavi- 
ties. Professor  Del  Rio  has  also  found  the  Vanadic  Acid  combing 
with  oxide  of  lead,  in  brown  lead  ore,  firom  Zumpan,  in  Mexico. 


Boraeie  Acid  and  Borates, 

Bcraeie  Acid  is  found  existing  in  nature  in  the  Lipari  Islands,  and 
likewise  in  the  hot  springs  of  Sasso,  in  Tuscany,  whence  the  term 
Sassoline  has  been  applied  to  it  by  some  mineralogists.  It  occurs 
likewise  in  light  crusts  on  substances  in  the  neighbourhood  of  extinct 
volcanos. 

Borax,  called  also  Tincal,  is  a  native  Borate  of  Soda,  found  in  Tibet, 
Persia,  Tuscany,  and  it  is  said  also  in  Peru  and  China.  Bonictte,  or 
Borate  of  Magnesia,  occurs  crystallized  in  tubes,  and  variously  modi* 
fied,  of  a  light  grey  colour,  opaque  or  translucent,  and  the  crystals  are 
found  imbedded  in  gypsum  near  Kiel  in  Holstein,  and  at  Luneberg 
in  Hanover.    Datolite,  a  mineral  of  a  pale  greenish-white  colour, 

*  Report  of  the  British  Association  for  183S,  p.  470. 
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maaMye  or  crystallised  in  cubes,  sometimes  modified,  is  found  at 
Arendabl,  in  Norway;  wbeoce  also  is  obtained  a  globular  fibrous 
variety  called  Botryolite :  bothtbese  minerals  contain  fioracic  Acid  com- 
bined witb  silica  and  lime. 

Carbonates, 

Carbonate  of  Soda  is  fonnd  in  some  mineral  waters,  and  most 
abundantly  in  the  lake  called  Lagunilla,  in  Venezuela,  S.  A.,  from  which 
the  salt  is  procured  as  an  article  of  commerce.  A  combination  of  the 
Carbonate  and  Bicarbonate  of  Soda  is  obtained  ii\  large  quantities  in 
the  saline  state,  from  the  oasis  of  Gadamis,  west  of  Fezzan,  in  Africa, 
where  it  is  called  Trona.  According  to  an  analysis  made  by  Mr. 
Richard  Phillips,  it  consists  of  three  parts  of  acid  and  two  of  soda,  and 
hence  he  terms  it  a  Sesqui-carbonate  of  Soda. 

Strontianite  is  a  rare  mineral,  of  a  greenish  colour,  found  in  radiated 
masses,  and  sometimes  in  acicular  hexaedral  crystals,  generally  im- 
bedded in  earthy  bar3rtes,  and  associated  with  galena;  it  was  first 
obtained  from  Strontian,  N.  B.,  and  has  since  been  discovered  in 
Saxony  and  in  Peru.  Witherite,  or  carbonate  of  bar3rtes,  occurs  in 
laree  masses  in  diverging  fibres,  or  crystallized  in  hexaedral  prisms 
and  pyramids ;  forming  sometimes  beautiful  g^ups  of  double  py- 
ramidal crystals,  the  primitive  form  of  which  is  an  obtuse  rhomboid. 
It  has  been  found  in  Lancashire,  and  other  northern  counties  of 
England,  and  also  in  Shropshire  and  in  Wales.  Baryto-calcite,  is  a 
compound  of  the  carbonates  of  barytes  and  lime,  which  occurs  in 
Cumberland,  and  was  at  first  supposed  to  be  a  variety  of  carbonate  of 
barytes,  but  it  differs  in  crystallization,  its  primitive  form  being  an 
oblique  rhombic  prism. 

Carbonate  of  Lime. — This  division  of  the  carbonates  comprehends 
the  multifimous  varieties  of  calcareous  spar,  marble,  chalk,  and 
limettooe,  many  of  which  are  much  more  interesting  in  a  geological 
than  in  a  mineralogical  point  of  view,  and  therefore  will  here  require 
bat  a  brief  notice. 

Arragonite  is  a  mineral  of  a  white  colour  with  a  pearly  lustre,  and 
flometimes  with  a  reddish  hue,  which  occurs  in  hexaedral  crystals, 
aggregated,  grouped,  or  imbedded  in  gypsum,  also  arborescent,  den- 
dritic, or  ttalacUtic,  and  likewise  in  acicular  fibres,  one  variety  of  which 
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hu  been  called  Flo*  Fnti,  from  in  rasembtmce  to  i  delicate  whiB 
lowH'.  It  hu  baea  found  in  Amgon,  Bobemi*,  S^ia,  ind  Fnnct. 
Some  ipeoimen*  are  found  to  contein  three  or  four  per  cant,  c^  Cs- 
bon&te  of  SCrontiui.  Cglcsreoas  Spar  i»  ■  ctrbonate  of  Hme  in 
tiHDapBreiit  crystals,  the  primitive  form  of  which  is  &  rhomb,  pawiif 
into  almost  innumerable  veiietiea  ;  its  cmjIoui  is  various,  bat  it  gem- 
lallj  eihibiu  ligbt  tints.  Among  tlie  sub-varietiei  may  be  mmtiOMd 
tbs  dogtooth  apar,  withdoubJe  hex eedial  pyramidi,  joined  at  their  bar, 
and  the  ihort  heiaedial  prismBtic  crysIUB  toineci  so  that  the  liiw 
of  the  pyramids  correspond.  This  nuneral,  fraquenlly  called  the  Icfr 
land  Spar,  is  peculiarlj^  inteieatinE,  as  baring  fumiahed  the  means  fn 
thediscorery  of  the  double  re&aolion  of  light.  It  is  found  inlcebnd, 
in  the  Harti  MonntaioB  c 
Germany,  and  in  Derbyabin. 
where  it  occnra  in  large  ajt 
tall,  of  a  topas-yallow  ooloiir. 
and  that  kind  called  Fontaiv- 
bleau  Sandstone,  containi  i 
eonsidernble 

Stalactitio 

d  by  deposition  from  6/ 

wnlar  of  apringa  holding  ai- 

bonate  of  lime  in  aolutioa,iai> 

Tariona  colours,  as  white,  gno 

and  brown,  sometimea  in  the   form   of  loK 

tnhea,  in  that  of  icicles,  botiyoidal  masses,  & 

a  Tsriety    of  other  figure*,   one    of   which  > 

represented  in  the  margin.      It    ia  frnqoat^ 

found  pendant  from  the  roofs,  or  IncnustiD^i^ 

walls  of  cevema,  as  in  Derbyshire,  the  lalaad  ■ 

\  Sky,  St.  Michael's  Cave,  Gibraltar,  and  in  t- 

(  lamouB  Grotto  of  Antiperos,  in  the  AFchipdi? 

SatiQ  Spar  ia  a  fibrous  variety  of  carbooau 

lime,  of  a  snow-white,  blaiah,  or  ^reen  coke 

^)  ,  \^  which  has  deriyed  its  name  from  itn  p**"*" 

\     /    y    -^  peail7  Inatie,  and  which  is  fotmd  ia  Csb^ 

k    ^..         JrtCX  '  ^^  land  and  in  Sweden. 

^    —  Those  limestanea  which  admit   of   bo- 
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fintly-  polished,  are  generally  tanned  marbles,  of  which  there  '^le 

a  great  many  yarieties.     The  white  granular  limestone,  or  marble  of 

Ihe  prinuttve  rocks,  which  is  the  most  highly  esteemed,  is  to  be  distin* 

guished  from  the  secondary  limestone  by  the  entire  absence  of  organic 

remains,  by  its  granularly  foliated  structure,  and  by  its  association 

with  other  primitive  substances.    The  most  valuable  kind  of  statuary 

marble  is  the  Parian,  and  that  of  Mount  Pentelicus,  near  Athens,  of 

which  are  formed  some  of  the  finest  existing  sculptures  of  antiquity. 

The  marble  of  Carrara,  in  Italy,  is  also  celebrated  for  its  beauty,  and 

having  been  much  employed  by  sculptors ;  it  is  of  a  milk-white  hue, 

and  less  crystalline  than  the  marble  of  Faros.     Many  of  the  varieties 

of  figured  and  coloured  marbles  are  extremely  beautiful,  deriving  their 

characteristic  peculiarities  from  the  admixture  of  various  foreign  bodies. 

TZiere  is  a  kind  of  marble  found  in  Tirey,  one  of  the  Western  Islands  of 

Scotland,  of  a  reddish  colour,  which  contains  sahlite,  and  probably 

titanium  imbedded.     Cipolin  is  a  sort  of  statuary  marble,  with  veins 

of  Mica.     Brocatella  is  a  breccia  limestone,  composed  of  fragments 

of  a  yellowish-red  and  purple  colour,  cemented  by  similar  transparent 

calcareous  spar.     Verde  Anticho  and  Verde  di  Corsica,  are  composed 

of  compact  limestone   and    calcareous   spar,  with    serpentine-  and 

asbestus ;  and  of  a  similar  nature  is  the  variety  called  Mona  ma^rble. 

Florentine  marble  is  a  grevish  compact  marble,  with  argillaceous 

earth,  exhibiting  designs  of  landscapes  or  ruins,  in  yellowisb-brown 

tints.     Lumacheila  marble  is  a  compact  limestone,  of  a  brownish-grey 

colour,  in  which  are  imbedded  shells.    Lucullite,  or  black  marble, 

ooataining  carbonaceous  matter,  is  found  in  Derbyshire,  and  used  for 

ornament^  architecture  and  other  purposes.     Madreporite,  or  prismatic 

LncuUite  is  so  called  from  its  resemblance  in  structure  to  Madrepores. 

J,  ^'      Swinestone,  or  stinkstone,  is  a  variety  of  limestone,  containing  bitumen 

^  It'      ia  rarioas  proportions,  whence  it  derives  a  fetid  odour.    Much  of  it  is 

/i,(f^     iound  tm  the  banks  of  the  river  Avon,  near  Bristol;  and  there  is  a 

eaotile  yeriety  met  with  in  Dalmatia,  said  to  be  about  the  consistence 

of  soap. 

Oolite,  or  Roestone,  is  a  variety  of  carbonate  of  lime,  which  dc- 
jives  its  appellation  from  its  structure  and  appearance,  being  composed 
of  minute  globular  concretions,  of  a  yellowish-brown  or  straw  colour, 
jnacb  itaed  in  building,  under  the  names  of  Portland  Stone  and  Batb 

9  2 
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Stone*  Pisolite,  or  peestone,  somewhat  resembles  the  prseeding^'biit 
consists  of  larger  concretions,  composed  of  concentric  layers  smroimd* 
ing  grains  of  sand,  formed  b]p  deposition  from  hot  springs,  as  at 
Carlsbad,  in  Bohemia,  and  at  Tiroli,  in  Italy.  Calcareons  Tufti  is  an 
earthy  carbonate  of  lime,  of  a  porous  spongy  structure,  forming 
casta  or  incrostations  by  deposition  from  water.  Casts  of  medals  have 
thus  been  obtained,  by  placing  them  in  moulds  to  receive  the  spvay 
impregnated  with  calcareous  particles,  and  incrustationa  of  a  aimilar 
nature  are  obtained  from  springs  at  Matlock  and  at  Knaresboroi^, 
where  they  are  sold  as  petrifactions. 

Chalk  and  its  yarieties.  Rock  milk  and  A.garic  mineral,  are  car* 
bonates  of  lime ;  and  Marl  is  chiefly  composed  of  the  same  substance 
mixed  with  argillaceous  earth. 

Carbonate  of  Magnesia. — ^Magnesite,  which  is  a  carbonate  of  mag- 
nesia, generally  white  and  friable,  or  in  fine  acicular  ciyatals,  haa 
thus  been  found  in  Piedmont,  and  in  Moraria ;  likewise  at  Hoboken, 
in  New  Jersey,  N.  A.,  in  veins  in  a  serpentine  rock,  accompanying  the 
native  hydrate  of  this  earth ;  and  a  variety  has  been  obtained  from  the 
Eaist  Indies,  which  is  white,  massive,  hard,  of  a  conchoidal  frracture, 
and  translucent  at  the  edges.  The  carbonate  of  magnesia  more  fre- 
quently occurs  combined  with  that  of  lime,  as  in  the  Dolomite,  which 
is  of  a  snow-white  colour,  and  granular  texture,  often  containing 
realgar  and  pyrites.  A  variety  of  dolomite,  found  in  Massachaaetts, 
N.  A.,  and  elsewhere,  exhibits  a  considerable  degree  of  flexibility. 
Rhomb  Spar,  or  bitter  spar,  is  a  mineral  of  a  yellowish  or  brown 
colour,  which  occurs,  imbedded  in  chlorite  schist,  in  the  Tyrol«  at 
Saltzburg,  and  in  Sweden.  Miemite,  Tharandite,  and  Pearl  Spar,  ai<e 
varieties  of  magnesian  limestone. 

Among  the  Carbonates  of  Iron  are  Sparry  Iron  ore,  of  a  gfreyiah  or 
yellowish.white  colour,  crystsllized,  fibrous,  massive,  and  botryoidai ; 
which  last  variety  has  been  termed  Spherosiderite.  This  carbonate 
has  been  found  in  Cornwall,  crystallised  in  hexagonal  prisms,  bat  its 
more  usual  form  is  the  equiaxiiu  rhomb. 

Carbonate  of  Manganese,  is  found  in  globular  or  botryoidal  Ibnns 
of  various  shades  of  rose  colour,  with  sulphuret  of  manganese  and 
oxide  of  iron. 

Calamine,  or  carbonate  of  zinc,  is  found  in  tabulated  ei 
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in  scuts  ihonibB,  ilao  oompact,  botryoidil,  lud 
1  Bhadu  of  oolonr,  genenlly  either  gmen  ot 

CMrixHUOe  of  Lead,  or  apwtv  lead  ore, 
sihibits  considsrable  mrietj  of  Jbrm.  The 
oompoct  catbnoate,  of  a  aoow-irhite  oc 
cream  colour  and  Hhinin^,  ig  OOmmonlT 
ugaociated  with  gilena.  It  15  elao  fbiutil 
eemitraiulaoeDt,  crysUlliied  in  donble 
hezngcmal  pyramida  on  galena ;  and  it 
occuia  in  fibiaas  ar  eauicolaled  orjs- 
tsU,  Honetimei  colouied  by  gieen  ear- 
boute  of  copper.  The  earthy  or  ptil- 
renilent  rarieties  are  of  a  bnnra  or  cream 

CerboDate  of  Copper  exLihit»  aome 
Tenmrkable  varieliea,  Bome  of  which 
hare  been  lued  aa  pigments  under  the 
name  of  mDUDtaii]  blue.  Amon;^  iheM 
caihonBteH  are  the  velret  capper  ore, 
of  a  biilliint  light  bine  ccdour,  ihund 
tmly  at  Orantia,  in  the  Baonat.  form- 
relret  iucrnatation  o         '    '  ■ 


and  I 


The  R 


Donatea  mciuae  ODroua  malachite,  oc- 
curring in  scicular  orfaacicolar  and  atel- 
lated  cryatals,  and  alw>  foliated ;  com- 
pact malachite  ii  ibund  masaiTe,  manunilated,  with  a  nmed  fracture, 
or  crjalalliied  in  octaedrona  or  dodecaadront,  detached  or  imbedded 
in  red  copper  or«, 

Jrttniimi  Aeid  and  Aneniala. 

Artniaat  Acid. — Thii  Boid,  in  the  native  itate  called  alaa  araenic 
bloom  or  ootaedral  oxide  of  anenie,  ba*  been  often  confounded  with 
■rwniale  of  lima  :  it  ocoura  atalactitio,  in  delieats  flat  cryi 
aili^  filament*,  of  a  vhita  aob>ur,  i. 


1  flat  cryatala  or  in 
mineral!. 
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Pbarmacolite  is  a  combination  of  arsenious  acid  and  lime,  found  in 
capillary  crystals,  which  look  like  little  tufts  of  cotton.  Arseniate  of 
Iron,  or  pharmacosiderite,  is  found  chiefly  in  small  cubic  crystals  in 
the  tin-mines  of  Cornwall,  and  in  other  parts  of  the  world.  Skorodite, 
which  appears  to  be  a  cupreous  arseniate  of  iron,  is  found  in  minute 
blue  or  greenish  rhombic  crystals,  generally  accompanying  the  pre- 
ceding-mineral.  There  are  several  varieties  of  Arseniate  of  Copper,  as 
the  octaedral  arseniate  of  a  sky-blue  or  emerald-green  colour,  in  flat 
crystals ;  the  tabulated  arseniate,  in  flat  hezaedral  crystals,  of  an  eme- 
fald  colour ;  the  triedral  arseniate,  of  a  blackish  or  shming  blue  colour, 
crystallized  in  rhombic  prisms,  sometimes  with  diedral  summits,  and 
also  flat,  curved,  aggregated,  and  variously  modified ;  and  the  fibrous 
arseniate. 

The  Arseniates  of  Cobalt,  or  red  cobalt  ores,  comprise  the  earthy  and 
the  radiated  varieties,  the  former  of  which  is  a  soft,  friable  minei^,  of 
a  rose  colour,  sometimes  forming  very  small  botryoidal  concretions 
in  the  cavities  of  grey  cobalt ;  and  tne  radiated  variety  coimiBts  of 
delicate  acicular  crystals,  sometimes  of  a  stellular  figure,  found 
upon  other  minerals  in  Cornwall,  Scotland,  Saxony,  Hungary,  and 
Norway. 

Arseniate  of  Lead  occurs,  in  slender,  hexagonal  crystals,  upon  quarts 
and  steatite,  in  Saxony,  Siberia,  and  especially  in  Cornwall.  There 
is  a  reniform  arseniate  of  lead  in  lamellar  concretions,  of  a  yellowisk 
colour,  found  in  Siberia. 


Phosphateu 

The  Phosphates  of  Lime  include  some  varieties.  Apatite  is  a  nuncral 
of  a  greyish  or  green  colour,  crystallized  in  hexaedral  prisms  or  tables, 
and  variously  modified.  Some  specimens  are  found  of  a  violet  coloui ; 
the  green  and  blue  varieties  are  called  Moroxite,  and  the  pale  yellow- 
green  asparagus-stone  and  this  phosphate  is  sometimes  found  of  a 
snow-white  colour.  Phosphorite,  formerly  supposed  to  be  of  the 
same  composition,  with  fluor  spar,  is  a  phosphate  of  lime,  gene- 
rally of  a  light  re4dish-brown  or  whitish  and  yellowish  coloar«  in 
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dktiiiet  ooDGietioiu,  earthy  or  mauiTe,  fbiuid  in  Hitngn;^  and  elsa- 

PlNMphata  of  Lead,  or  pyiomorphiu,  is  found  masBiTe,  crTaCalliied    ' 
Id  beiaedral  prUnu,  dendritic,  or  eaitby  and  fKable,  of  a  green  and 
yellow  colour ;  and  ilao  in  hexagooal  pnune  and  sciculai  ciyBtaU,  of  a 
deep  orange  or  broiru  colour, 

Fboapbaw  of  Yttria,  or  phoaphTttrite,  ia  a  vet?  scarce  uineral,  first 
feond  in  gnoite,  at  Lindensa,  in  Norway;  and  afterwarda,  in  similar 
■mall  quantities,  at  Ytterbj,  in  Sweden. 

Phoaphate  of  Iron  occun  in  rfaombio  prisma,  atriateil,  acaminated, 
and  varioualy  modified,  of  a  green  colour  ;  it  ia  also  aometimes  found 
of  a  bine  colour,  and  likewise  black.  Tfaass  Tsrietie*,  except  the  lut, 
have  been  found  in  Cornwall ;  the  earthy,  blue  iron  ore,  and  wood, 
peat,  and  olay,  impregaaled  with  this  mineial,  have  been  met  with  in 
New  Jersey,  N.  A. 

Fhoaphate  of  MangiDBSe,  or  tripUte,  is  a  mineral  of  a  shining  black 
or  browniBh'blsck  coloor,  which  melts  before  the  blowpipe  into  a 
black  enamel. 

Phosphate  of  Copper  bee  been  fbnnd  near  Cologne,  in  Germaay,  of 
a  green  colour,  in  amnll  rhomboidal  crystala.     Among  the  varieties  of 
this  phosphate  may  be  specified  the  olive  malachite,  or  octaedral  phos- 
phate   found  at  Leletben    in  Hungary      and  the  priamatic  variety, 
7  \  cd  peendo  malachite,  tram  Rbeiubreiten- 
—  where  it  la  found  with  quartz,  some' 

-,  'te^  9  passing  into  Catcedony. 

1  ^  $.  "jM  bmpbats  of  alumina  appears  to  form  the 

"\^      jM?  of^several  minerals,  ths  composition  of 

^  ^E!al  h  however  has  not  been  perfectly  ascer- 

^       .~^4^^^^^  d.    Amongthesearetbfl  Warelllte,  fbr- 

f  called  bydrugillite,  found  in  Devou' 
Ireland  Bavaria,  Bohemia,  Greeulend,' 
Brazil  farming  globular  concretiona, 
I  f1  roua  and  radiated  groups  i  the  KlapToth* 
ite  called  also  blue  spar  or  szurite;  -lbs 
Ctbnte,  or  real  toiqnms.  an  opaque  gem  found  principally  in  the  pro- 
rinca  of  Kborwan,  in  Persia,  imbedded  in  a  ferTagino-argillsceoua 
tock;  tbe.Kakoz^i  a  rare  aobatanoe  tband  in  Bah«aiia,  in  the  fii. 
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sareB  of  argillaceous  ironstond,  and  ezhibitxng  a  ciystallme  fibrous 
structure,  and  a  yellow  colour ;  and  the  Childrenite,  found  at  Tavi- 
stock,  in  Devonshire. 

The  Phosphate  of  Uranium  includes  the  yellow  uranite,  or  mn 
mica,  found  in  France,  in  thin,  quadrangular  crystals ;  and  the  green 
uranite,  or  chalcolite,  in  tetraedral  tables,  aggregated  and  detached,  or 
elegantly  grouped,  which  has  been  obtained  chiefly  finom  Cornwall, 
and  from  Saxony, 

Nitrates. 

Nitrate  of  potash,  or  native  saltpetre,  is  found  as  an  efflorescence, 
consisting  of  capillary  ciystals,  incrustiug  chalk  and  limestone  rocks, 
at  Pulo  di  Molfetta,  in  Apulia  in  Italy,  near  Burgos  in  Spun,  and 
elsewhere.  In  the  vicinity  of  Evreux,  in  France,  nitre  is  collected 
from  the  surface  of  the  calcareous  soil  several  times  in  the  year  ;  and 
it  is  obtained  largely  in  the  same  'manner,  for  the  purposes  of  com- 
;merce,  in  the  East  Indies,  and  other  parts  of  the  world. 

Nitrate  of  lime  is  often  found  combined  with  that  of  potash,  and 
may  sometimes  be  observed  forming  silky  efflorescences  on  old  walla ; 
it  likewise  occurs  in  some  mineral  waters. 


Sulphates, 

The  sulphates  are  a  numerous  class  of  minerals,  including  many  of 
the  soluble  salts.  Sulphate  of  soda,  or  glauber  salt,  is  &equeBtIy 
found  as  an  efflorescence,  and  sometimes  in  acicular  crystals,  near 
mineral  springs  and  salt  lakes.  Thenardite  is  a  hydrous  anlpfaate  of 
soda,  found  in  crystalline  crusts  at  the  bottom  of  the  briny  waters  at 
the  Salines  d'Espartines,  in  the  neighbourhood  of  Madrid.  Glauberits 
is  a  mineral  composed  of  the  anhydrous  sulphates  of  soda  and  lime, 
found  imbedded  in  salt  and  clay  ini  the  salt-mines  of  Villanibia  and 
Aranjuez,  in  Spain.  Reussite  is  a  sulphate  of  soda,  combined  with 
sulphate  of  magnesia. 
.  Celeatine,  or  sulphate  of  atrontian,  a  mineral  of  whidi  then  aia 


SULPHATE   OF   LIHE.  S65 

urenl  Tariettes,  i 

Sicily,  ■nd  PennsyWa  .  „    , 

colour,  and  aometiines  of  a  wiiitii,  jelloviBh-wbite,  ar  tnown ;  mtuiTe 
and  foliated,  in  tabulated  cryatala,  in  radiated  fibres,  or  compact  in 
hollow  balla,  with  internal  crjslalliiatioQa. 

Sulphate  of  BBTVlea,  or  hesTj  apar,  eihibita  a  eonaidarable  Taiiety 
of  cryatallixatioD,  llie  primitiTe  form  being  a  right  prism  with  rinnnhio 
baaea.  It  fbtnu  large  wax-like,  yellow  cryetala,  and  ie  foiud  in  Cum- 
berland >t  Schamnia  in  HnngarT  Clauathal  in  the  Hertz,  TraTenella 
in  Piedmont  and  eUewheie  The  radiated  or  alellaled  vaiielj  of  thw 
Hulphate  incladea  the  Bologna  atone 
of  Monte  Faterao,  uaed  in  tbe  prepa- 
]  ration  of  the  Bononian  pboaphoroa. 
I  (See  marginal  figure.)  To  tLege  may 
I  be  added  the  beautiful  variety  called 
I  chamapar,&omtheHsrii;  tliefibroua 


t  matic  baiytea,  generally  of  a  browu- 
yellow  colour )  the  compact,  called 
barytio  or  ponderona  nuicble ;  and 
the  fetid  or  hepatic  barylei,  of  a 
amoke  colour,  which  oocnrs  maasit^ 
~  and  nodular. 

Sulphate  of  Lime  u  found  in  abundance  in  France.  Spain,  and  othei 
parta  of  the  aoutb  of  Europe  eihibitiog  aome  rarietiea,  among  which 
ma^  be  apecified  aelenice,  or  aparry  gypsum,  in  hexagonal  priams,  oi 
raciooaly  audified,  aometimea  atained  of  a  yellow  cakmr  by  oxide  of 
inm ;  fibroua  gypaum,  opaque  or  traiialucent,  of  a  anow- while  hue,  with 
a  ailky  Initre ;  granular  gypaam,  or  alabaater ;  compact  gypaom,  white 
or  f  ariegaled,  and  with  red  and  while  rein*,  which  rariety  include! 
tba  atalagmitio  sypamu  of  Gaadaloupe.  Anhydrooa  sulpliate  of  lima, 
(lifcaviM  ityled  anhydrite,  cube-apar,  and  muriacite),  ia  eompoaed,  aa 
!(■  name  impliM,  of  ralpbDric  acid  and  lime,  idihout  wotar ;  and  it  i« 
ionnd  csMMliiM,  fibrona,  granular,  and  compact,  chiefly  of  a  milk- 
white  or  tdaiab  colour.  Anbydrana  anlpbate  of  lima,  containing  eitica, 
bu  been  fbond  in  Italy,  where  it  ia  called  Maimo  Budiglio  di  B«i> 
^amo,  and  by  Cottnt  Bounum,  Bardiglione  j  and  a  rwmtj  OMura  im 
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the  salt-mines  of  Wieliczka,  in  Poland,  which,  from  the  peeutiarity  of 
its  structure  is  termed  tripestone. 

Sulphate  of  Magnesia,  which  is  of  common  occurrence  in  mineral 
waters,  as  those  of  Epsom  and  Cheltenham,  is  found  in  capillary  or 
fibrous  crystals  at  Calata3rud  in  Arragon,  and  in  the  mines  of  Idiia ;  and 
what  is  called  stalaotitic  cobalt  yitriol,  from  Herrengrund,  in  Himgary, 
is  merely  sulphate  of  magnesia,  tinted  red  by  oxide  of  cobalt. 

Polyhalite,  formerly  supposed  to  be  anhydrous  sulphate  of  lime, 
appears  from  the  analysis  of  Stromeyer  to  consist  of  the  sulphates  of 
lune,  magnesia,  and  potash,  muriate  of  soda,  and  oxide  of  iron,  in  a 
state  of  chemical  combination,  though  the  muriate  and  oxide  occur  in 
very  small  proportions. 

Sulphate  of  Zinc  is  a  semi-transparent  saline  mineral,  of  a  greyish  or 
reddish-white  colour,  which  seems  to  be  produced  from  the  decompo- 
sition of  blende,  the  sulphuret  of  this  metal. 

Sulphate  of  Iron,  copperas,  is  another  product  of  spontaneous  de- 
composition, being  derived  from  martial  pyrites,  and  appearing  in  the 
massive  form,  or  in  stalactitic  fibres,  yellow  scales,  or  red  conoie- 
tions. 

Sulphate  of  Cobalt  is  a  soluble  saline  body,  of  a  pale  rose  or  flesh 
colour,  and  of  an  ear&y  texture,  usually  in  the  stalactitic  form,  found  in 
the  Hartz  mines  and  elsewhere. 

Sulphate  of  Copper  is  found  in  crystals  of  a  fine  blue  or  paiple 
colour,  but  rarely  of  any  considerable  size  or  perfect  form. 

Sulphate  of  Lead  occurs  crystallized  in  cuneiform  octaedrons,Tariou8ly 
modified  or  aggregated,  imbedded  in  cellular  quartz,  tinged  by  oxide 
of  iron.  Translucent  crystals,  of  a  yellowish- grey  colour,  haye  been 
obtained  from  Parys  Mountain,  in  the  Isle  of  Anglesea. 

Sulphate  of  Alumina  displays  some  variety  of  form  and  compositioB. 
Native  alum  is  found  crystallized,  fibrous,  and  in  other  states.  In 
various  places ;  aluminite,  or  websteriie,  is  a  hydrated  subsolpheta  ci 
alumine,  mixed  with  sulphate  of  lime,  resembling  pure  porcelain  euth, 
fbund  on  the  coast  of  Sussex,  near  Newhaven,  and  at  Halle,  in  the 
territory  of  Magdebourg.  Alumstone,  likewise  called  aluminite,  or 
alunite,  occurring  in  lai^e  quantities  in  a  hill  at  Tolfa,  in  the  Pope's 
dominions,  contains  potash  as  well  as  sulphuric  acid  and  aliuniiim; 
and  from  this  mineral  is  prepared  Roman  alom. 


y^. 


mouny    i 
{  bured   c 


>r  Gombinslioiii  of 
elecCro-negadre  body  fluorine,  anited  with  diflerent  rnetslB. 

ciom,  found  in  aeveral  part)  of 

the  world,  and eihibitingTsHous 

forma  and  colours.     It  occtira 

compact,   foliated,  ciyatalliwd, 

— nular,  and  earthy:  from  Chn- 

~y    are    obtained    rose-co- 

i   cryatals  ;    from  Siberia, 

•^1  (■  s  rariety  called   Chlotophano, 

._- .—  ,  ■'-'y^       which  emita    a  brilliant   gietm 

~~~  -^  -^  light  when  heated;  and  thereii 

a  ^ured  variety  called  Fortification  Fluor.     (See  marginal  figure.) 

Yttrocerite,  a  violet-coloured  mineral,  found  imbedded  in  quar^, 
at  Ytterby,  in  Sweden,  is  a  combination  of  the  fluoiidea  of  cilcinm, 
yttrium,  and  cerium. 

FlmU. 

Cryolite,  is  a  mlnera]  ftnind  in  West  GreecUnd,  which  deriTM  ila 
□onw  from  ita  eilieme  iiiBibili^,  melting  like  ica:  it  appeara  from 
the  aoalyiea  of  Vauquelin  and  Bsneliug,  to  be  a  compoand  of  flnoric 
acid,  alumina,  and  aoda.  It  is  of  a  colour  approaching  to  white,  tranilii- 
cent.  amorpfaoDs,  baring  a  foliated  fracture,  and  sofW  than  floor  spar. 


The  chloride*  are  an  important  claia  of  minerals,  tbe  nature  of 
which,  Uk«  that  of  the  fluorida*,  was  fbimerly  gr»»tlj  miaappre- 
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Chloride  of  Sodium,  long  known  to  chemists  by  the  ftppellfttion  of 
muriate  of  soda,  is  not  only  found  most  abundantly  in  solution 'in  set* 
water,  brine  springs,  &c.|  but  also  occurs  in  vast  masses  in  the  state 
of  rodc-salt,  at  Cordova  in  Spain,  Wieliczka  in  Poland,  in  Hungary, 
Siberia,  Afirica,  and  the  Andes  of  South  America.  It  crystallises  m 
eubes ;  and  among  its  yarieties  are  the  fibrous,  red,  blue,  and  riolet, 
and  the  stalactitical  rock-salt. 

Chloride  of  Ammonium,  or  rather  muriate  of  anmionia,  native  sil 
ammoniac  is  found  chiefly  in  the  vicinity  of  volcanos. 

Among  the  Chlorides  of  Lead  are  the  Cotunnite,  from  Mount  Vesa- 
▼ios;  the  basic  muriate  of  lead,  found  in  the  mines  of  Mendip;  and 
the  murio-carbonate  of  lead,  a  rare  mineral,  found  in  Derbyshire,  crys* 
talliaed  in  square  prisms  terminated  by  pyramids,  of  a  yellow  oobar, 
of  which  there  are  fine  specimens  at  the  British  Museum. 

Chloride  of  Copper,  or  atacamite,  is  a  mineral  which  forms  beaatifiil 
groups  of  green  crystals,  found  in  Chili  and  Peru. 

Chloride  of  Silver,  called  corneous  silver  or  horn  silver,  from  its 
ippearance,  is  found  massive  and  crystallized ;  in  colour  and  foni 
resembling  gum  arabic ;  or  of  a  pale  yellowish-green  or  brown,  bo- 
tryoidal,  lamellated,  eardiy,  or  crystallized  in  minute  cubes  and  oetae- 
dfons. 

Chloride  of  Mercury,  which  has  the  same  homy  appearance,  crystal* 
Uses  in  small  square  prisms,  terminated  by  flat  pyramids,  and  otber* 
wise  modified.  It  is  bo  soft  as  to  be  sectile ;  and  it  becomes  volatiliied 
before  the  blowpipe. 


ORGANOK»EllICAL   SUBSTANCES. 

SaUt. 

Mellate  of  Alumina,  called  Mellite  or  honeystone,  from  its  app6a^ 
ance,  is  found  in  small  amber-colcured  oystals,  in  beds  of  brown  coal 
in  Thuringia. 

Oxalate  of  Iroii,  also  called  Humboldtite,  was  fiwmeriy  oonsidared 
as  resinous  iron  ore. 
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Resiru, 

Amber  exhibits  mimeroas  yarieties,  arising  from  yarious  causes; 
and  some  specimens  are  extremely  curious,  from  the  bodies  imbedded 
in  them.  It  occurs  in  rounded  pieces,  rough  on  the  outside,  and 
within  of  a  yellowish,  white,  or  reddish  colour ;  and  is  found  on  the 
coast  of  Norfolk,  Prussia,  Mozambique  in  Africa,  and  other  parts  of 
the  world. 

Fossil  copal,  or  Highgate  resin,  a  substance  somewhat  resembling 
amber,  found  in  making  excavations  for  the  road  at  Highgate. 

Retinite,  or  retinasphalt,  a  mineral  from  Bovey,  in  Devonshire,  of  a 
yellow  and  reddish*brown  colour,  which  burns  with  a  fragrant  odour. 

Bitumens* 

Varieties — Naphtha,  petroleum,  elaterite  or  elastic  bitumen,  and 
indurated  petoleam. 

Coal. 

This  substance  presents  some  varieties,  more  interesting  to  the 
geologist  than  to  the  mineralogist ;  and  of  these  some  notices  may  be 
found  in  another  part  of  this  volume.* 


CRYSTALLOGRAPHY. 

Solid  bodies  appear  under  a  vast  variety  of  forms,  some  depending 
on  organization,  and  others  on  molecular  attraction  ;  the  latter  of  which 
only  require  to  be  considered  at  present.  These  forms  or  modes  of 
aggregation  are  either  regular  or  irregular ;  consisting  in  the  one  case 
of  geometrical  solids,  variously  modified ;  and  in  the  other,  of  amoN 
phous  solids,  or  those  which  display  no  symmetrical  proportions, 

*  See  Oryctologf . 
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Certain  figureSi  arising  from  molecular  attraction,  are  termed  crystals, 
constituting  poljedral  solids,  terminated  by  surfaces,  r^^lar,  com- 
nectdd,  and  often  shining  with  a  lustre  equal  to  that  of  a  polished  gem. 
Few  objects  of  this  kind  are  more  beautiful  than  frozen  water,  as  it 
occurs  in  the  state  of  large  snow-flakes,  when  examined  by  a  micro* 
scope ;  or  as  it  may  be  observed  in  the  hoar-fro^»  incrusting  with  most 
delicate  network  our  trees  and  hedges,  or  formed  by  the  congelation 
of  moisture  on  the  panes  of  windows  in  a  cold  winter's  morning.* 

lliose  bodies  which  are  capable  of  crystallization  hare  been  observed 
to  affect  peculiar  forms:  thus  rock-crystal  frequently  occurs  beautifully 
transparent  in  hexaedral  prisms,  terminated  by  six-sided  pyramids; 
the  Derbyshire  fluor  spar  crystallizes  in  cubes,  as  likewise  does  com- 
mon salt  f  alum,  or  sulphate  of  alumine,  forms  octaedral  crystals  ;  and 
sulphate  of  magnesia  tetraedral  prisms.  These  forms,  however,  are 
liable  to  modification  and  diversity  from  different  causes,  as  will  be 
subsequently  explained.  Fluor  spar  and  galena  sometimes  exhibit  octa- 
edral and  sometimes  cubic  crystals ;  and  carbonate  of  lime  appears  in 
such  a  variety  of  forms  that  it  is  difficult  to  decide  which  is  of  the 
most  frequent  occurrence.  "  Comte  de  Boumon,  in  his  elaborate  trea- 
tise on  this  mineral,  has  enumerated  fifty-six  modifications ;  which, 
differently  combined,  furnished  him  with  above  six  hundred  variedM 

of  form.'' t 

The  figures  of  crystals  may  be  conveniently  observed  by  •m«Hi||> 
solutions  of  several  sialts  in  water,  suffering  small  portions  to  cryatsl- 
lize,  by  evaporation,  and  then  examining  them  through  a  microacope. 

Take  a  dram  of  alum,  and  »w»^i»> 
quantities  of  common  or  table  salt.  Ep- 
som  salt,glauber  salt,  nitre,  or  any  other 
soluble  saline  substances;  and  place 
them,  separately,  in  clean  wine-glasses 
or  gdlipots,  then  pour  on  each  parcel 
rather  more  than  enough  water  to  cover 
it ;  and  stirring  the  liauors  frequently, 
after  they  have  stood  half  an  hoar.  Ice 
a  drop  of  each  fidl  on  a  strip  o£  dean 


Alum, 


*  See  Treatise  on  Meteorology. 

t  Mrs.  Lowry'B  Conversations  on  MineralOBT,  2d  edit,  vol.  li.  p. 
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Common  Salt. 


9.-'. 


Oe^ —    —      ^ 


"o'^T 
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plate-glass,  and  place  it  in  the  sun  or  on  the  chim- 
ney-piece, protected  from  the  dust,  so  that  the 
water  maj  be  driven  off;  and  mure  or  less  regular 
crystals  will  be  formed,  having  a  pleasing  appear- 
ance when  viewed  through  a  microscope.    The 


^• 


'^  t^  %  ^*\^ip  !of  fi  marginal  figures  will  afford  some  idea  of  "the  man- 

o  ••._••  ^  :-  •  above  mentioned  are  grouped  and  constituted. 

The  modifications  of  form  which  are  observed  in 
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Epsom  Salt, 
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^^ 


Glauber  Salt, 


crystallized  bodies  are  sometimes  owing  to  the 
sudden  and  consequently  irregular  aggregation 
of  the  crystalline  particles ;  and  sometimes  the 
presence  of  foreign  bodies  may  accelerate,  inter- 
rupt, or  very  materially  interfere  with  the  pro- 
cess of  crystallization.     Hence  the  angles  or 
edges  of  crystals  may  be  truncated  or  rounded, 
and  cylinders,  spherical,  lenticular,  or  i^glome- 
rated  masses  may  be  produced,  bearing  but  a 
faint  resemblance  to  the  proper  form  of  die  salt. 
In  order  to  obtain  regular,  large,  and  well-shaped 
crystals  of  any  salt,  a  saturated  solution  should 
be  made  in  distilled  water,  and  set  by  in  a  mode- 
rately warm  situation,  where  it  may  remain  un- 
disturbed, so  that  the  fluid  may  evaporate  slowly ; 
and  a  gradual  deposition  of  the  saline  particles 
will  then  take  place,  yielding  symmetrical  crys- 
tals of  a  larger  size  than  can  be  produced  by  any 
other  management. 

The  interesting  appearance  of  certain  crystals, 
and  their  relative  permanence  of  form,  amidst  a 
seeming  variety,  drew  forth  some  striking  obser- 
TatioDs  from  Dr.  Freind,  in  his  lectures  on  chemistry  at  Oxford,  in 
the  early  part  of  the  last  century.  *'  The  beauty  and  variety  of  the 
figures  of  crystals  is  so  admirable,  that  there  is  scarcely  any  thing  in 
nature  which  can  entertain  the  eye  more  agreeably.  These  figures  are 
sometimes  seen  by  the  naked  eye.  but  by  Uie  help  of  microscopes  are 
discerned  much  better.  In  Common  Salt  we  plainly  discover  quadri- 
lateral pyramidsi  with  aqoare  bases ;  in  sugar,  the  same  pyramids. 


C  tl  r  BT  A  LLOa  R  A  P  H  T. 
with  oblong  uid  raetanealar  buei ;  in  tfva, 
they  rise  witli    sik   lidea,  supported    bj  u 
hezi^DBl  bioe.     The  cryBtali  of  Titriols  'fj 
mach  reiemble  icidei,  united  one  to  uiolbat 

«Wf^',  , '  "'th  greM  TBriety ;  unoug  which  lie  some 
fi^t}  Sk  polygions  ss  ma;  be  discovered  by  the  naked 
L^ir*  J  eye  Sal  ammoniac  rery  eleguitly  imitiUi 
^  /  the  branches  of  a  ties  ;  and  salt  of  haitabom 
t'^j  /  (carboDBta  of  ammonia)  loots  like  a  qaiiei  of 
K\»/^  arroH-a  Glaober's  Sal  MirahilU,  which  ii 
mads  of  common  salt  and  vitriol  (aulpbits  of 
soda),  exhibits  the  figure  of  both  aalts.  Nitre  appears  in  certua 
priamatieal  columns,  not  much  unhke  bundles  of  atieka  ;  among  which 
there  aia  intersperaed  some  rhomboids*  and  some  penianina,  whieb 


juatly  n  .  ... 

tnYance  ^hatoTer  ;  but  something  of  a  Sal  Gem,  or  foHaii  aalt,  would 
■tick  to  it.  But  salt  of  tin  outdoes  all  for  beauty,  in  which  are  linw 
like  little  needles,  wbicb  spread  tbetnselTes  every  where  from  a  point, 
as  from  >  centre,  so  aa  to  represent  a  atai,  much  like  what  wa  see  ii 
thereguluB  of  Mars  (metallic  irDQ)."t 

Dr.  Freiud  proceeds  to  remarli,  thst  it  is  a  circumstance  "verr 
peculiar  in  these  aalta,  that  let  them  be  never  so  divided,  and  radncnJ 


a  minute  particles,  yet  when  tbey  are  formed  into  oryataU,  thsj 
_.  jh  of  them  reaasume  their  propersfaape  ;  ao  that  one  mig' ~ 
divest  and  deprive  tbem  of|  Uieir  aaltneas  aa  of  their  fgure. 


timate  relation  between  crystalline  form  and  chemical  compositita. 
which  attracted  the  attention  of  this  ingenious  writer,  has  been  eitea- 
sively  inveatigsted  by  more  recent  inquirera.  Among  the  facta  whick 
have  been  diacloaed  in  conBet)uence  of  their  researches,  one  nf  dN 
roost  singalar  and  important  is  that  bodies,  both  limple  and  coa- 
pound,  which  are  capable  of  crystailiiation,  appeal  to  form  gnnpt 
characterized  by  aimilaiity  of  structure ;  so  that  one  gronp  may  ii- 


•  Nitre  somedmea  nnristi  portly  of  nitrate  of  loda,  which  (bnna  rt 

nUalerTitBlB)  taut  nlttste  of  pota^.  when  quite  pore,  <       

ral  nlnni,  noerally  wUb  dledral  suiDolts. 
t  Chrmlcsl  Lectorea,  by  John  Fidnd,  HJ>.,  1711.  pp. 
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clade  several  substances,  all  crystallising  in  similar  square  prisms, 
another  group  consists  of  bodies  forming  similar  octaedral  crystals,  and 
Tarious  others,  the  members  of  which  respectiyely  are  distinguished  by 
peculiar  figures.  As  an  example  of  such  a  group  of  minerals  may  be 
mentioned  calc  spar  (Iceland  crystal),  bitter  spar,  carbonate  of  magnesia 
and  iron,  carbonate  of  iron,  manganese  spar,  zinc  spar,  and  magnesia 
spar,  all  crystallizing  in  rhomboedrons.  The  discovery  of  this  dispo- 
sition among  mineral  bodies  differently  constituted  to  assume  a  com- 
mon form,  led  to  the  assumption  of  the  doctrine  of  Isomorphism, 
already  alluded  to  in  the  Treatise  on  Chemistry.*  The  law  of  iso- 
morphism, as  announced  by  Mitscherlich,  in  its  utmost  generality,  is 
as  follows:  *'  The  same  number  of  atoms  combined  in  the  same  way 
produces  the  same  crystalline  form ;  and  the  same  crystalline  form  is 
independent  of  the  chemical  nature  of  ^e  atoms,  and  is  determined 
only  by  their  number  and  relative  position."  f 

The  discussion  of  the  subject  of  isomorphism  to  any  considerable 
extent  would  be  impracticable  here,  even  if  it  could  be  rendered  as 
generally  intelligible  and  interesting  as  it  is  important.  Those  readers, 
therefore,  who  may  be  inclined  to  pursue  the  progress  of  research  rela- 
tive to  this  topic,  must  be  referred  to  the  details  contained  in  a  paper 
on  the  Progress  of  Chemical  Science,  by  Mr.  Johnston,  published  in 
the  Report  of  the  British  Association  for  1832  ;  and  to  a  list  of  Iso- 
morphic Bodies,  by  Professor  Miller,  in  the  same  volume.  A  few 
observations,  however,  may  be  added  to  explain  in  some  degree  the 
gmeral  principle  on  which  depends  the  association  of  isomorphic  sub* 
stances.  An  examination  of  the  group  of  rhomboedral  minerals  men- 
tioned above,  will  demonstrate  amidst  diversity  of  composition  a 
similarity  of  atomic  constitution.  All  those  bodies  of  which  crystal- 
liaed  carbonate  of  lime,  or  calc  spar,  may  be  regarded  as  the  isomor- 
phic type,  appear  to  correspond  in  the  number  of  their  atoms  with  that 
body :  thus, 

Calc  Spar  consists  of  1  Garb.  Acid  -f- 1  Lime. 
Bitter  Spar  ...    1  Garb.  Acid  -j-  1  Lime  -f  1  Carb.  Acid  -f  1 
Magnesia. 

*  Seep.  120. 

t  Report  of  British  Assodatton  for  1839  p.  4tt. 
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CaibODBte  of  Magnesia  and  Iron  consists  of  1  Carb.  Acid  -^  1  Mag- 
nesia +  1  Oxide  of  Iron. 

Carbonate  of  Iron 1  Carb.  Acid  -f*  1  Oxide 

of  Iron. 

Manganese  Spar 1  Carb.  Acid  -4"  1  Oxide 

of  Manganese. 

Zinc  Spar 1  Carb.  Acid  -f*  ^  Oxide 

ofZinc. 

Magnesia  Spar 1  Caib.  Acid  -^  1  Mag- 
nesia. 

In  all  tbe  simple  carbonates  of  the  preceding  groap,  one  atom  of 
carbonic  acid  is  combined  with  one  atom  of  a  metallic  protoxide  ;  and 
in  the  compound  carbonates  tbe  atomic  quantities  are  doubled.  The 
same  correspondence  of  atomic  constitution  seems  to  prevail  in  groups 
of  more  complicated  chemical  combinations :  thus  tremolite  and  antlio> 
phyllite  are  double  silicates,  the  composition  of  which  is  as  follows  v 

Tremolite  consists  of  1  Lime  -f-  1  Silica  -f  3  Magnesia  -|-  2  Silica, 
ibithophyllite   .    .    1  Oxide  of  Iron  +  1  Silica  -f  3  Magneaia  -f  i 
Silica. 

Hence  it  appears  that  th^  only  difference  between  these  bodies  con- 
sists in  the  former  containing  one  atom  of  lime  (protoxide  of  calcium)* 
and  the  latter  one  atom  of  protoxide  of  iron ;  and  thej  both  cry atalliie 
in  oblique  prisms.  In  numerous  other  cases  it  has  been  found,  that 
one  oxide  or  acid  having  the  same  atomic  constitution  with  another 
oxide  or  acid,  may  replace  it,  or  be  substituted  for  it  in  the  composi- 
tion of  minerals,  giving  rise  to  similar  crystalline  forms ;  and  €bm 
groups  are  produced,  each  composed  of  two  or  more  bodies  coir^ 
sponding  in  the  numbers  of  their  atoms,  and  in  crystalline  form. 

There  is  an  inferior  degree  of  analogy  of  form  obseirable  amoof 
minerals,  which  probably  arises,  as  in  the  cases  already  noticed,  froa 
the  atomic  constitution  of  bodies.  Certain  crystalline  compoonds  aie 
found  to  differ  among  themselves  merely  in  the  angular  measorementi 
of  their  crystals.  Thus  sulphate  of  barytas,  sulphate  of  lead,  earbo- 
nate  of  lead,  and  some  others,  form  right  rhombic  prisms ;  bat  the 
obtuse  angles  of  the  rhombic  prism  of  sulphate  of  barytes 
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1019  42';  those  of  sulphate  of  lead  103^  42^;  and  those  of  carhonate 
of  lead  117^  18^*  Hence  groups  of  bodies  thus  related  are  said  to 
be  pletiomorphout  ;*!*  and  the  term  homoiomorphous  t  has  been  adopted  to 
distinguish  groups  of  crystalline  substances  dififering  more  widely  in 
their  angles.  It  has  also  been  remarkedp  that  while  differently  con- 
stituted compounds  may  agree  in  crystalline  form,  there  are  bodies, 
both  simple  and  compound,  which  are  capable  of  existing  under  two 
forms,  vniich  are  incompatible  or  not  derivable  from  one  common  form. 
Sulphur  is  found  crystallized  in  octaedrons  with  rhombic  bases,  and 
also  in  rhombic  prisms.  Pure  carbon  occurs  in  nature  in  two  states, 
constituting  the  diamond  and  graphite ;  the  former  exhibiting  regular 
octaedral  crystals,  and  the  latter  crystallizing  in  hexaedral  plates, 
striated  parallel  to  some  of  their  sides.  Sulphur  and  carbon  thus  dis- 
play a  duplicity  of  form,  a  property  in  these  and  other  bodies  denoted 
hy  the  term  dimrrphism.^ 

The  phenomena  of  plesiomorphism,  homoiomorphism,  and  dimor- 
phism, which  hare  all  an  obvious  relation  to  isomorphism,  indicate  the 
necessity  of  further  researches  to  elucidate  the  nature  and  causes  of 
these  appearances,  which  may  probably  lead  to  very  ouiious  and  inte- 
resting discoveries. 

The  modifications  and  seeming  anomalies  of  form  which  often  occur  in 
crystallized  bodies  take  place  under  certain  laws ;  the  deviation  from  the 
usual  figure  of  the  ciystid  depending  on  addition  or  subtraction  of  parts 
necessary  to  make  up  the  regular  solid,  or  primary  form  of  a  mineral,  in 
any  riven  case.  That  the  varieties  of  form  in  crystals,  of  the  same  mi- 
neral may  be  referred  to  truncations  of  an  invariable  primary  nucleus, 
was  an  opinion  that  appears  to  have  been  started  by  me  French  inine- 
ralogist,  Kom6  de  Lisle ;  the  idea  also  occurred  to  Gahn,  professor  of 
mineralogy  at  Upsal,  who  having  broken  a  piece  of  the  dogtooth  cal« 
careous  spar,  observed  that  it  was  throughout  composed  of  niomboidal 
ciTstals :  and  hence  Professor  Bergmann  was  led  to  conjecture  that  in 
all  crystallized  bodies  there  must  exist  a  primary  nucleus.  The  in- 
quiry was  then  taken  up  by  the  Abb6  Haiiy,  who  is  said  to  have  had 

«  Report  of  British  Association  for  18S9,  p.  4«. 
t  From  the  Greek  UXifffioq,  neari^  aiike,  and  Mop^i),  form. 
t  From  the  Greek  "OuoloCt  HmUar,  and  Mop0i). 
f  From  the  Ghreek  a4*»  twiet  (In  comp.  <r  omitted),  and  Mop^^. 
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his  attention  drawn  to  it  by  an  accident  in  itself  somewhat  awkward 
and  perplexing.  A  person  of  fortune  who  had  collected  a  cabinet  of 
minerals  as  expensive  cariosities,  was  showing  them  to  M.  Haiij ; 
and,  handing  to  him  one  verj  beautiful  crystalline  specimen  that  be 
might  inspect  it  more  readily,  the  stone  slipped  from  the  band  of  the 
visiter,  and  falling  on  a  marble  pavement,  was  split  in  several  pieces, 
which  the  owner  regarded  as  worthless,  while  courteously  accepting 
the  apologies  of  the  chagrined  philosopher,  ordered  a  servant  to  take 
up  and  throw  away.  M.  Haiiy  struck  with  the  brilliance  of  the  smooth 
surfaces  of  the  fractured  parts,  begged  to  be  allowed  to  inspect  them, 
and  took  them  home  to  examine  the  structure  of  the  mineral  more  at 
leisure.  He  found  that  it  was  susceptible  of  cleavage  only  in  par- 
ticular directions,  and  to  a  certain  extent ;  and  having  made  corre- 
sponding observations  on  other  crystallized  substances,  he  'was  at 
length  enabled  to  reduce  to  a  regular  system  the  laws  of  crystalliEa- 
tion,  with  reference  to  the  manner  in  which  crystals  are  deduced  in 
their  several  varieties  from  a  primitive  nucleus. 

The  relations  between  the  different  modifications  of  form  in  a  mineral 

may  be  exemplified  by  taking  a  crystal  of  the  fluor  spar  in  one  of  the 

No.  1.         simplest  of  its  natural  forms,  the  cube,  exhibited  in  the 

•^  margin.    Now  it  will  be  found  on  trial  that  the  solid 

angles,  A,  B,  C,  D,  &c.,  may  all  be  removed  by  a  knife 

witli  proper  pressure,  and  thus  the  eight  angles  may  be 

'^  replaced  by  brilliant,  flat,  triangular  surfaces,  as  in  the 

next  marginal  figure,  No.  2.   The  solid  will  then  consist 

of  fourteen  sides  instead  of  six ;  and  each  of  the  triangular 

sides  may  be  enlarged  at  the  expense  of  the  square  sides, 

by  continuing  the  cleavage  of  increasing  triangular  planes, 

so  as  to  fonn  Sie  succeeding  figure.  No.  3.  At  length,  pnrso- 

in  g  the  separation  of  the  ciystal  strata  in  the  same  direetioB. 

will  be  produced  the  remaining  figures,  No8.4  and  5,  in  the 

last  of  which  no  part  of  the  original  cube  remains,  evcrv 

angle  having  been  cut  away  so  as  to  form  eight  new  faces, 

\  constituting  an  octaedron,  which  is  the  primary  form  of 

\  the  fluor  spar. 

A  crystal  of  common  salt,  exhibiting  the  same  cubic 
form  with  the  £fuor  spar,  differs  from  it  in  structure,  ibrits 
angles  cannot  be  separated  so  as  to  leave  a  smooth  soiifoce ; 


No.  i. 


No.  3. 
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and  the  crystal  will  admit  of  cleavage  or  Bubdivision  only  in 
layers  parallel  to  either  or  all  its  sides  ;  so  that  a  lai^e  cube 
can  be  separated  into  a  number  of  small  ones,  but  not  re- 
duced by  cleavage  to  any  other  form :  hence  the  cube  is  the 
primitive  form  or  nucleus  of  the  crystal  of  common  or  sea 
No.  5.  salt.  In  the  same  manner.  Ponderous  Spar,  or  sulphate  of 
barytas,  can  be  divided  with  regularity  only  so  as  to  form 
right  rhombic  prisms ;  and  Selenite,  sulphate  of  lime,  ioto 
right  prisms :  these  therefore  are  the  nuclei,  or  primitive 
forms  of  their  respective  crystals. 
As  the  primitive  nuclei  of  crystals  may  be  developed  by  dissection, 
BO  it  may  be  ingeniously  shown  how  the  varieties  of  crystals  may  be 
derived  from  the  superposition  of  lamina  on  parallel  surfaces,  dimi- 
nishing regularly  in  extent,  so  as  at  length  to  form  the  summit  of  a 
solid  angle,  or  the  edge  of  a  line  joining  two  angles.  It  is  in  this 
manner  that  Haiiy,  attributing  to  every  crystalUzable  substance  a 
primitive  or  simple  form,  ascertained  by  division,  as  before  stated,  or 
else  inferred  from  a  comparison  with  others  already  known,  proceeds 
to  derive,  from  his  doctrine  of  increments  and  decrements,  the  various 
secondary  forms  that  may  be  observed  in  different  specimens  of  any 
given  mineral. 

According  to  the  system  of  Haiiy,  all  crystals  are  derived  from  five 
or  six  primitive  forms.  These  are,  (1.)  the  Parallelopiped,  including 
the  Cube,  Rhomboid,  and  all  their  varieties ;  (2.^  the  Tetraedron ; 
(3.)  the  Octaedron;  (4.)  the  Hexaedral  prism ;  (5.)  the  Rhomboidal 
dodecaedron ;  to  which  may  be  added,  (6.)  die  Dodecaedron,  with 
isosceles  triangular  faces. 

All  solids  having  six  sides,  whose  respectire  bounding  lines  taken 
in  pairs  are  parallel  with  each  other,  and  the  opposite  sides  also 
equal  and  parallel,  forming  so  many  parallelograms,  are  termed 
Parallelopipedfl.  Such  an  arrangement  of  surfaces  must  obviously 
admit  of  some  variety  ;  and  thus  it  may  be  perceived  that  the  paral- 
lelepiped will  include  the  cube,  the  square  prism,  the  rhomboid,  the 
right  rhombic  prism,  and  the  oblique  rhombic  prism. 

The  Cube,  as  appears  in  the  margin,  has  six  square 
sides,  all  equal,  like  common  dice ;  its  proportions  being 
invariable.  • 


( 
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When  a  body  is  terminated  bj  four  equal  oblong  paral- 
lelograms laterallj,  end  two  square  parallelograms  at  the  ends, 
it  is  called  a  Square  Prism, 


The  Rhomboid  has  its  opposite  sides  equal  and  parallel,  bat 
none  of  them  are  square,  each  having  two  obtuse  and  two 
acute  angles,  instead  of  four  right  angles,  like  the  cube. 


There  are  many  varieties  of  rhomboids,  characterised  by 
the  relative  diversities  of  their  corresponding  ang^les ;  some 
rhomboids  differing  so  little  from  the  perfect  cube  that 
their  real  nature  can  only  be  ascertainea  by  the  measure- 
ment of  their  angles,  others  bearing  but  a  very  distant  re- 
semblance to  it,  as  in  the  marginal  figure,  representii^  a 
very  Obliqite  Bhomboid, 

^^^       The  Right  Rhombic  Pri$m  bears  the  same  lelation  to  the 

/^^  square  prism  that  the  rhomboid  does  to  the  cube.     In  the 

^^    square  prism  tl^e  angles  are  all  equal,  and  are  right  angles ; 

but  in  the  right  rhombic  prism  the  sides  or  lateral  planes  meet 

alternately  at  angles  greater  or  less  than  90  degrees ;  but  the 

terminal  planes,  or  those  at  the  extremities  of  the  piiam,  foim 

by  their  junction  right  angles. 

The  Oblique  Rhombic  Pritm  differs  from  the  piecedis|; 
figure  in  the  position  of  its  terminal  planes,  which  do  not 
form  right  angles  with  the  lateral  planes,  but  are  placed  ob- 
liquely, so  that  the  tenninal  and  lateral  planes  meet  at  obtuse 
and  acute  angles  alternately. 

The   Tetraedron  is  the  simplest  of  all  regular  figures 
having  plane  surfaces.    It  is  a  solid  included  within  four 
triangular  planes,  equal  and  similar,  each  of  the  three  sides 
beiog  of  the  same  dunensions. 
Some  notice  has  been  already  taken  of  the  octaedron,  as  the  figure 
produced  by  the  truncation  of  the  solid  angles  of  a  cube.    There  iie 
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yanetiMy  however,  of  this  fig^ore,  ariung  from  those'  of  the  eight 
planes  hy  which  it  is  tenninated. 

The  Regular  Octaedron  has  all  its  planes  equal  and  similar 
triangles,  each  of  their  three  sides  heing  of  the  same  length. 
All  lines  drawn  through  its  centre  from  either  angle  to  that 
^^  opposite  to  it  will  be  of  equal  length,  or  in  other  words  it  has 
three  equal  axes.  This,  however,  is  not  Sie  case  with  all  octaedrons, 
some  having  one  axis  longer  and  some  shorter  than  the  other  two* 

>^v^^^  The  Obtuu  Octaedron  differs  from  the  former  in  having 

y^ I  J\^  the  line  which  forms  the  base  of  its  triangular  sides 

^^^^^^""^^  longer  than  those  which  meet  at  the  apex,  so  that  what 

^^\X^^       may  be  termed  its  principal  axis  is  shorter  than  its  other 

axes. 

The  AevXt  Octaedron  will  be  perceived  at  once  to  be  exactly 
the  reverse  of  the  foregoing,  its  base  line  being  shorter  than 
those  which  form  the  apex,  and  its  principal  axis  lonzer  than 
the  others.  These  forms  will  obviously  admit  of  several  modifi- 
cations, the  nature  of  which  may  be  comprehended  without  diffi- 
culty from  what  has  been  already  stated. 

.         The  Hexaedral  Prim  derives  its  name  from  the  number 

C       ^  of  its  sides,  which  are  similar  parallelograms,  not  square, 
but  oblong.    They  are  six  in  number,  and  are  called  lateral 
planes,  and  as  they  meet  the  terminal  planes,  the  latter  are 
hexaedral  and  hexagonal ;   that  is,  they  have  six  edges 
and  six  angles.    The  terminal  planes  are  parallel  with  each  other. 

The  Hhomboidal  Dodecaedron,  as  its  name  implies,  has 
twelve  sides.  These  are  all  of  similar  form,  each  plane 
being  a  rhomb,  of  which  the  four  bounding  lines  are  of  the 
same  length,  and  the  opposite  lines  are  pandlel,  forming  two 
acute  and  two  obtuse  angles  in  each  plane.  This  figure  is 
susceptible  of  numerous  modifications,  by  the  truncation  of  edges  or 
angles. 

The  Dodecaedron  with  hotclei  Triangular  Faces  is 
a  figure  having  twelve  equal  triangular  sides,  difiering 
from  the  octMdron  in  the  number  of  its  sides,  and 
like  that  figure,  admitting  of  modifications,  according  to 
the  length  of  its  principal  axis. 
The  connexion  of  one  form  with  another,  or  the  trau- 
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sition  from  one  to  another,  has  been  exemplified  in  the  dednotioin  of 
the  octaedron  from  the  cubic  crystal  of  fluor  spar.  (See  p.  976.)  The 
following  figures  will  s^ve  in  like  manner  to  show  what  modifications 
are  produced  by  the  truncation  of  the  angles  and  edges  of  an  octa- 
edron. 

ABC 


In  fig.  A,  the  angles  only  of  the  octaedron  are  truncated,  in  fig.  B, 
the  edges  only,  and  in  fig.  C,  both  the  angles  and  the  edges.  If  we 
suppose  the  division  of  an  octaedral  crystal  to  be  continued  in  the 
direction  of  the  planes  formed  by  the  truncation  of  the  edges,  fig.  B, 
in  which  the  triangular  planes  of  the  truncated  octaedron  are  separated 
from  each  other  by  narrow  hezangular  planes,  a  modification  will  be 
produced,  exhibiting  an  increase  of  the  hexangular  planes,  and  rednc* 
tion  of  the  triangular  ones,  each  however  retaining  its  characteriatic 
shape.  By  pursuing  the  division  in  the  same  direction,  the  original 
planes  may  be  entirely  removed,  the  triangular  faces  disappearing,  and 
the  hexangular  ones  being  changed  into  rhoroboedral  surfaces.  Such 
a  series  of  modifications  may  be  observed  in  the  fluor  spar,  and  more 
commonly  in  the  red  oxide  of  copper,  serving  to  show  how  the  rhombo- 
edral  dodecaedron  may  result  from  the  replacement  of  the  edg^s  of  the 
octaedron.  But  in  neither  of  these  minerals  can  the  rhomboedral  dode- 
caedron be  obtained  by  cleavage  from  the  truncated  octaedron  ;  for  the 
lamins  of  the  crystal  of  fluor,  or  red  oxide  of  copper,  admit  of  sepa- 
ration only  in  directions  parallel  with  the  planes  of  the  octaedron, 
that  being  the  primitive  form  or  nucleus  of  the  crystals  of  the  minerals 
in  question. 

in  this  transition  from  one  form  to  another  in  the  construction  of 
crystals,  it  seems  as  if  nature  in  the  generation  of  each   crystal 
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assumed  a  central  nucleua  regular  and  ooostaot  in  each  spedea 
reapectively,  and  on  the  several  faces  of  that  nucleus  applied  sue* 
cessive  lamine,  all  parallel  and  similar  to  each  other,  but  diminishing 
regularlj  in  extent,  so  as  at  length  to  terminate  in  a  point  forming  the 
summit  of  a  solid  angle,  or  in  a  line  forming  the  edge  of  the  uew 
crystal.  Thus  from  a  cubic  nucleus,  the  formation  of  a  rhomboidal 
dodecaedron  may  be  supposed  to  take  place,  by  the  addition  of  suc- 
cessive laminsB  on  each  face  of  the  cube,  which  having  a  height  de- 
noted by  1,  decrease  gradually  on  their  borders  by  a  quantity  also 
denoted  by  1.  So  likewise  a  solid  of  twenty-four  faces  may  be  con- 
ceived to  be  formed  from  a  cube  by  the  application  of  laminsB,  the 
thickoess  of  which  is  denoted  by  1,  and  the  successive  lateral  decre- 
ments by  3,  by  3,  or  any  higher  number,  according  as  the  pyramid  is 
more  or  less  elevated  or  depressed.  An  octaedron  may  in  like  manner 
be  formed  from  a  cubic  nucleus  by  the  successive  application  of 
lamina  having  angular  decrements ;  and  by  irregular,  intermediate,  or 
combined  decrements,  a  vast  variety  of  secondary  forms  may  be  pro- 
duced from  a  very  limited  number  of  primitive  nuclei.  Hence  in 
general,  when  the  form  of  the  nucleus  of  a  mineral  has  been  ascer- 
tained, nothing  is  more  easy  than  to  determine  in  what  manner  lamine 
must  be  applied,  and  the  law  according  to  which  they  ought  to  de- 
crease, in  order  to  produce  any  given  form  of  a  crystal,  the  angles  of 
which  have  been  previously  measured. 

"  But  however  ingenious  this  method  of  accounting  for  the  diversity 
of  crystals  of  the  same  substance  may  appear,  and  important  as  were 
the  discoveries  of  the  learned  author,  it  must  be  admitted  that  it  can 
only  be  regarded  as  an  hypothesis  which  may  assist  us  in  our  re- 
searches. Indeed  it  is  not  probable  that  nature  should  commeuce  by 
the  formation  of  the  primitive  crystal;  in  order  to  apply  to  it  deera- 
mental  lamina.  The  bare  inspection  of  crystals,  whicn  are  often  ex- 
ceedingly small,  and  yet  highly  complicated,  appears,  on  the  contrary, 
to  announce  that  all  the  forma  have  been  produced  by  a  single  effort 
(produUti  d*un  aul  jet) ;  while  on  the  other  hand,  it  may  be  observed 
that  the  large  erysti*  are  only  regular  assemblages  of  very  small  ones, 
often  similar  to  the  large  cryatals  which  they  form,  and  sometimes  dif- 
ferent from  them."*     **  These  observations  prove  clearly  that  in 

*  Bcttdant  TnAU  Element  de  Physique,  p.  8S. 
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general  orystalUgation  does  not  take  place  in  natoie  aceording  to  th« 
supposition  adopted  in  the  theory  which  has  been  given,  bat  that  the 
different  crystals  result  rather  from  the  sadden  arrangement  of  the 
regular  molecules  among  themselyest  in  the  act  of  spontaaeona  solidi- 
fication.   For  in  studying  the  manner  in  which  certain  paiticiee  infi> 
nitely  [indefinitely]  minute,  of  a  determinate  form,  may  oombme 
togeuier,  according  to  the  number  and  the  position  of  their  faces,  we 
may  be  led  to  conclude  that  the  different  polyedral  figares  to  which 
they  give  rise  depend  on  the  number  in  wnich  they  are  attracted 
together  at  the  moment  of  crystallization.    Thos,  for  example^  it  mty 
be  comprehended  that  cubic  particles  can  only  form  complete  cubes  in 
those  cases  in  which  these  molecules  unite  together  in  cubic  numbecs, 
as  8,  27,  64, 125,  &c.     With  a  little  attention,  we  perceire,  likewise* 
that  regular  octaedrons  can  only  be  formed  when  cubic  molecolei 
combine  in  one  of  die  numbers  of  the  series  7,  25,  63,   lt9,  &e. 
Further,  dodecaedrons  with  rhombic  planes  will  be  produced  -wbto  the 
molecules  are  attracted  together,  in  one  of  the  nunmera  of  the  series 
33, 185,  555,  &c.'*» 

These  speculations  might  be  pursued  further,  and  it  might  be 
shown  how  other  forms  might  be  derived  from  cubic  particles ;  hot 
some  figures  would  require  for  their  production  very  extensiTe  lod 
complicated  series  of  numbers  of  molecules ;  and  hence  this  theory  is 
objectionable,  as  wanting  that  simplicity  usually  observable  in  the  laws 
of  nature.  There  is  more  probability  in  the  nypothesis  ingemoudr 
proposed  by  Dr.  Wollaston,  who  considered  the  primitive  partiolea  » 
spheres,  which  by  mutual  attraction,  assume  that  arrangement  whiek 
brings  them  as  near  as  possible  to  each  other.  When  a  number  of 
simihir  balls  are  pressed  together  in  the  same  plane,  they  form  an  equi- 
lateral triangle ;  and  if,  when  thus  arranged,  they  were  cemented  together, 
and  the  mass  afterwards  broken  asunder,  the  fines  in  which  aepaiatifOB 
would  most  readily  take  place,  would  form  with  each  other  anglea  ot 
60  degrees.  A  single  ball  placed  any  where  upon  saoh  a  atratnn 
would  touch  three  of  the  lower  balls,  and  planes  psrallel  to  the  aides 
of  the  figure  thus  formed  would  include  a  regular  tetraedron.  A 
square  of  four  balls,  with  a  single  ball  on  the  centre  of  each  swifoet 


*  Beudaot  Traits  Element,  de  Physique,  p.  86. 
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a  octsadion ;  and  oa  applpng  lira  other  btlls  it 
oppoaite  lids*  of  the  octaedron,  the  group  would  represent  en  acute 
rbonboid.  The  eouatructioii  of  the  numeroaa  Tuieties  of  Bgntea 
which  oconr  imoag  cry atals  might  be  Teadilv  eiplsined,  bj  ndmiCtiug 
the  eziitaice  of  oblate  and  oblong  aphsroidal  moleculea,  ai  well  aa 
(hoie  of  a  globuler  figare.* 

Cijitala  maj  not  onlj  differ  one  tana  another,  aa  a  rhomhie  priam 
from  an  octaedron  «  a  dodecaedron,  but  one  rhombic  priam  ma^  diSer 


it  that  the  one  may  conaist  of  almost  any  number  of  degrees 
Uaa  tnan  90,  and  the  other  of  any  number  below  180,  which  sum, 
Jtowerer,  must  be  the  amount  of  the  two  angles  taken  togetber.  For  the 
fbar  angleaof  thecrvatal  coUectiTely  will  be  equal  to  four  right  aoglea, 
i.  e.,  90  X  4  ^=  360,  or  the  namber  of  degrees  of  a  circle  by  which 
anglea  are  meaanred.  Thus  the  primitive  form  of  carbonate  of  lima, 
oakareoua  apai,  ia  a  rhomboid  whose  faeea  are  inclined  at  anglea  of 
105"  5',  and  74°  5',  both  together  making  180».  Tourmaline  ha»  for 
ita  primitire  eiyatal  an  obtuse  rhomboid,  the  angle  of  which  ia 
113"  10',  and  in  like  manner  olhei  miaerala  have  theii  peculiar  and 
Conatant  forma,  the  precise  nature  of  which  can  alone,  in  many  eaaas, 
be  Mcertained  bj  mesaoring  the  anglea  of  tha  cryatal.t 

Instmmena  for  this  pujrpoae,  called  Goniomatara,  are  chieflTof  two 
kinds,  die  common  and  the  reflective  goniometer.  The  first  and 
sunpleat  of  tbase  inatmments  consists  of  a  protractor,  or  semidrcnlsi 
sosle,  gradatfed  from  0  to  ISO,  with  a  anuJl  pair  of  compassea  applied 
to  it,  OMtined  to  receire  the  oiystal  whose  anglea  are  to  be  measurvd. 


It  whtcb  ttaer  meet  ah 

sAiciis  ODB  of  the  mort  dlitlnetlTa  c 

which  the  mlneralofiit  It  traqneetlr  led  Immadlalelr  to 
n  (pedes,  anil  wtiich,  Uiaraniv,  tl  ii  erldentlj  oT  citrcmc  Inipaitaiice  he 
•hoold  aseaitsln  with  predsloa."— iHaiwaJ  if  MtHtral^n,  cimprrAnik- 
Ikt  •Ktr*  Aacnf  OlttuMHti  ta  Itt  JfAwnl  JTIafii'M.    By  Kobeit  All 
F.R.S.I.,  II.a,8.    I«S4.    P.ZT1. 
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One  arm  of  the  compasses, 
F  G,  in  the  annexed  figure} 
forms  the  diameter  of  the  se- 
micircular arc,  and  the  other 
arm,  A  B,  the  radius  of  that  arc, 
and  this  last  being  moretble 
on  the  pivot  m,  the  two  ainu 
maj  be  made  to  form  any  ^m 
angle  with  each  other.  The 
_J  transverse  arm  is  grooved  or 
^  slit  from  u  to  r,  except  at  it, 
where  there  is  a  little  cross 
piece  to  strengthen  it  Bj 
means  of  this  slit,  and  the 
two  pins  tn  and  n,  this  sim 
maj  be  slid  across  the  dis* 
meter  of  the  arc,  passiii|; 
through  the  points  zero  and  180^.  The  pin  m  passes  throa|^ 
a  brass  knob  behind  the  arm  F  G,  which  is  attached  to  the  semi* 
circle  at  N,  and  by  the  bar  O.  The  arm  A  B  has  a  groove  from  Cto  B, 
by  means  of  which,  when  necessary,  that  arm  may  be  shortened,  \j 
sliding  it  upwards.  In  order  to  use  this  instrument,  it  is  merely 
requisite  to  place  the  crystal  to  be  measured  between  the  compasses, 
the  arms  of  which  being  brought  in  exact  contact  with  die  plaoei 
forming  the  angle  required,  and  the  arm  A  B  applied  to  the  protractor, 
the  value  of  the  angle  may  be  read  off  at  the  fiducial  edge  t  s. 

Though  this  instrument  is  serviceable  to  ascertain  to  a  given  exteot 
the  angles  of  crystals,  it  is  far  inferior  in  accuracy  to  the  reflectiTt 
goniometer,  invented  by  Dr.  Wollaston,  the  use  of  which,  howenr. 
requires  more  skill  and  attention  in  the  experimentalist.  For  an  s^ 
count  of  the  latter,  and  of  the  method  of  employing  it,  we  must  refe 
the  reader  to  the  works  of  those  who  have  treated  the  subject  of  cijt- 
tallometry  more  fully  than  is  consistent  with  the  limits  to  which  we  sit 
confined.* 

*  A  description  of  Dr.  WoUaston's  goniometer,  with  the  mode  of  naiar  it 
illustrated  by  a  diagram,  will  be  found  In  Brande's  Blanual  of  Chflnis&7. 
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Among  the  latest  and  most  important  improyements  in  crystallogra- 
plkical  mineralogy,  is  the  introduction  of  crjstallometrical  systems :  as 
the  tesseral ;  tbe  tetragonal,  or  square  pyramid  of  Mohs;  the  rhomhic, 
or  oblong  pyramidal,  or  prismatic  of  Mohs ;  the  rhomboedral  of  Mohs, 
or  hexagonal  of  Naumann ;  and  the  monoUinoedral,  diklinoedral,  and 
triklinoedral  of  the  lastmentioned  writer.  Some  notion  mav  perhaps 
be  formed  of  the  nature  of  these  distinctions  from  the  following  repre- 
sentation : 

"  If  we  conceive  a  square  steeple  with  all  the  four  sides  of  the 

walls  and  roof  exactly  alike,  so  that  every  slope  and  face  which  occurs 

on  one  side  occurs  similarly  on  the  other  three,  we  hare  before  us  a 

form  belonging  to  the  square  pyramidal  system.  If,  instead  of  this,  we 

imagine  a  house  of  whidi  the  two  ends  are  like  each  other,  and  the  two 

sides  also  precisely  like  each  other,  but  different  from  the  former,  this 

will  belong  to  the  oblong  prismatic  or  rhombic  system.     If  again  we 

conceive  a  triangular  pillar,  as  an  ancient  tripod,  its  three  sides  being 

similarly  cut  and  ornamented,  this  will  belong  to  the  rhomboedral 

system.*     In  fact,  its  three  fiices  mav  be  terminated  by  slopes,  which 

may  meet  and  form  an  apex,  resembhng  in  all  respects  the  apex  of  a 

rbomboedron.     And  if  each  of  its  three  faces  be  formed  into  an  edge, 

hy  planes  sloping  to  the  right  and  left,  the  form  may  be  thus  converted 

into  a  six-sided  pillar  with  no  loss  of  its  regularity. 

"  If  we  conceive  the  form  of  the  house  of  which  we  spoke,  as  repre- 
senting the  prismatic  system  to  be  made  less  regular,  by  sloping  its 
end  walls  in  the  direction  of  one  end,  we  have  the  monoklinoedral 
system,  and  if  the  side  walls  slope  also,  we  may  have  thus  the  dik- 
linoedral  and  triklinoedral  forms. 

"  The  tesseral  or  tessular  system  includes  the  forms  which  are  de- 
rived from  the  regular  solids  of  geometry,  the  cube,  the  octaedron,  the 
dodecaedron. 

"  This  distinction  of  different  kinds  of  forms  is  one  founded  on  the 
most  general  relation  of  their  parts,  and  regulated  by  the  degree  and 

vol.  i.  pp.  l<k-is  J  or  in  Mn.  Lowry's  Conversations  <m  Mineralogy,  9d  ed., 
▼ol.  L  pp.  71— ?*• 

*  The  rhomboedral  and  rhombic  systems  are  aoite  distinct.    A  rhombic 
prion  has  its  base  a  rhomb ;  a  rhomboedron  has  alt  its  sides  equal  rhombs. 
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olumficUicD  of  forms  bu  bBon  ■  Bubjact  o(  conirorerar  between  Prof. 
Mobs  Had  Praf.  VVsui.  HoveTer  thii  question  nmj  be  decided,  the 
merit  of  tbis  ralaable  limplificslion  tettt  between  tbem  ;  tad  all  nuil 
alloir  the  proprie^  witb  wMch  Fiof.  NaamanD,  of  Freiberg,  the  aalhOT 
of  the  best  recent  Byitem  of  cryBtallc^rapby,  hu  dedioated  bis  work 
'  la  Mohi  and  Weia,  tht  Cmypluti  of  German  Cryitattcgriiphen'  "* 


•  Kcport  of  Brit.  Amx.  lot  IM 
of  the  emtsUotniAlc  ■yitem  of 
nlDiT,  iDtrod.,  pp.  itUI.  iIi. 


,  pp.  3M,  S3S.     For  ft 
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VIDI  EGO  QUOD  FVEBAT  QUONPAM  KOLIDISSIMA  TBLLV8 
ESSE  PRBTUM.     VIDI  FACTA8  EX  SQOOKB  TERRAS, 
ET  PROCUL  A  PELAGO  CONCHiB  JACUERE  MARINiB. 

Ovidii  Metamarphos,,  lib. 


GioLooT  IB  a  KienM  asclodTely  of  moderB  migin,  pmenting  to 
our  notice  a  •mm  of  (acta  tnd  dedoctioDS  reinltinr  htua  reaeuobea 
■ImoM  sniirelj  of  a  recent  date.  It  relate!  to  biHUw,  multitndea  of 
which  moit  nectwaarilj  hare  attraoted  the  atttmlion  of  mankind  in  all 
agei  and  conntriea,  and  mmjr  of  whoao  properties  haro  been  frs- 
qD*atlj  and  eloeel;  iDTeatigated ;  liut  it  is  tlie  peculiar  parpon  of  thia 
branch  of  philotophy  to  derelop  the  relation^  of  natarsl  subetancei  aa 
ooatribntiiif  lo  form  the  terreBtml  globe ;  and  hones  the  interest  or 
importance  of  sny  gi'en  object,  as  *  block  of  granile  or  marble,  a 
■odnlsof  Bint,  a  petrified  sbul,  a  fragnwDt  of  foasil  bone,  or  anv  other 
natural  pTodvctioiii  is  not  decided  m  by  the  ged<^ist  with  renrencc 
to  it!  WMniosl  CMspaaitiOD  or  peealiai  itmotiiTe,  aimply  cooaidered ; 
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Baron  Fourier ;  and  many  facta  have  been  brought  forward  in  aopport 
of  it  by  Cordier,  R.  W.  Fox,  and  other  writers.  There  is  nothings 
extravagant  in  the  length  of  time  during  which  Whiston  supposed  the 
process  of  cooling  to  have  been  going  on  in  tlie  earth,  for  in  1680  a 
oomet  passed  so  near  to  the  sun  diat,  from  the  calcalations  of  astrono- 
mers, it  mast  haye  aconired  a  temperature  two  thousand  times  that  of 
red«>hot  iron,  and  would  require  fifty  thousand  years  in  cooling.  Hence 
if  the  earth  had  been  a  comet,  its  nucleus  would  haye  been  stiU  burn- 
ing, since  the  epoch  of  its  access  to  the  sun  is  supposed  not  to  have 
exceeded  six  thousand  years.* 

Benedict  de  Maillet,  who  held  the  office  of  French  Consul  in  Egypt, 
and  was  the  author  of  some  philosophical  works,  was  a  speculator  of  a 
different  order  from  the  preceding.    About  the  middle  of  the  last  cen- 
tury appeared  one  of  his  productions,  entitled  "  Telliamed"  ^the  ana- 
gram of  his  name),  containing  some  geological,  or  rather  cosmogonical 
tiieories,  abundandy  absurd  and  extravagant,  but  deserving  or  some 
notice,^  as  being  founded  on  accurate  and  extensive  observations  on 
existing  phenomena.    This  gentleman,  in  the  coarse  of  his  travels,  re- 
marking the  occurrence  of  sea-shells  and  other  marine  remains  on  the 
summits  of  the  highest  mountains,  inferred  that  the  present  continents 
were  entirely  formed  beneath  the  surface  of  water,  which  must  have 
originally  covered  the  whole  earth ;  that  ever  since  the  first  appear- 
ance of  islands  in  the  universal  ocean,  the  waters  have  been  g^radaally 
decreasing ;  in  proof  of  which  he  instances  the  formation  of  tihe  Delta 
of  Egypt,  at  the  mouth  of  the  Nile,  and  of  similar  tracts  in  other  parts 
of  the  world,  and  the  alleged  extension  of  the  sea-shores  in  vBiioos 
places.     He  supposed  this  gradual  decline  of  the  sea  to  be  yet  in  pro- 
gress ;  and  his  opinions  so  far  have  been  admitted  by  many  other 
geologists.    But  De  Maillet  not  only  conceived  the  whole  g^lobe  to 
have  been  for  many  thousands  of  years  covered  vrith  water,  bat  he 
further  alleged  that  this  water  gradually  retreated,  that  all  the  land 
animals  were  originally  denizens  of  the  sea,  that  man  himself  coai- 
menced  his  career  as  a  fish,  supporting  his  reveries  by  adverting  to 
stories  of  sirens,  mermaids,  tritons,  satyrs,  and  suchlike  monsters ;  and 
asserting  that  even  now  animals  may  oe  found  in  the  ocean  half-hnman 

*  Lettres  sur  les  Revolutions  du  Qlohe,  par  l>,  Alex.  Bertliier.    Sd  edit. 

Paris,  1828.  Mmo.  pp.  ii,  12. 
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iKoA  half-fiah,  bat  whose  desoeDdants  wOl  in  time  become  perfect  men 
and  women.    Strange  and  inconsistent  as  are  these  speculations,  they 
hare  been  rehired  and  extended  bj  more  recent  theorists.    They  sup- 
pose that  the  earth  was  originally  in  a  fluid  state,  that  the  primitire 
fluid  gave  existence  to  animtds,  which  were  at  first  only  of  the  most 
aimple  Jdnd,  as  the  nunuu,  and  other  infusory  and  microscopic  species ; 
that  in  process  of  time,  and  by  assuming  different  habitudes,  the  races 
of  animals  became  complicated,  and  at  length  appeared  in  tiiat  direr- 
sity  of  form  and  character  which  we  now  perceive.     By  means  of 
those  various  races  of  animals,  part  of  the  watera  of  the  sea  have 
gradually  been  converted  into  calcareous  earth ;  while  the  vegetables, 
concerning  the  origin  and  metamorphoses  of  which  these  writers  choose 
to  be  quite  silent,  have,  on  their  part,  converted  a  portion  of  the  same 
water  into  clay  :  these  two  earths,  on  being  deprived  of  the  characters 
which  vitality  had  impressed  on  them,  are,  by  an  ultimate  analysis, 
resolved  into  silex ;  and  hence  the  reason  that  the  oldest  mountains  are 
more  siliceous  than  the  rest.    All  the  solid  parts  of  the  earth,  there- 
fore, owe  their  existence  to  life,  and  without  life  the  globe  would  still 
be  entirelv  liquid.* 

Other  theorists  ascribe  the  origin  of  the  earth  to  fragments  which 
hare  fedlen  successively  from  the  heavens,  in  the  manner  of  aerolites, 
or  meteoric  stones;  and  thus  account  for  the  relies  of  strange  mon- 
atera,  which  they  suppose  to  have  been  the  inhabitants  of  imknown 
worlds.t 

One  bold  speculator  imagines  the  earth  to  be  hollow,  and  places 
irithin  it  a  magnetic  nucleus,  which  is  transported  from  one  pole  to 
the  other,  by  the  attraction  of  comets,  canying  with  it  the  centre  of 
gravity,  ana  the  mass  of  watera  on  the  surface,  and  dius  alternately 
drowning  either  hemisphere.^ 

A  few  yean  ago,  an  American  officer  named  Symes  asserted  that  the 

«  V.  La  PhyBique  de  Prodies.  Leips.  1801.  p.  IM;  and  TeUiamed,  vol.  U. 
p.  100.  M.  de  Lamarck  has,  of  late  years,  developed  this  system  most  exten- 
■Ively,  and  displayed  much  ingenuity  in  defence  of  it,  in  his  Hydrogeologie, 
and  Philosophie  Zoologiqne.    Cnvier's  Theory  of  the  Earth,  p.  41. 

t  See  MM.  de  Marschall's  Researches  concerninf  the  Origin  and  Develop- 
ment of  the  exlstiog  Order  of  the  Terrestrial  Globe.    Giessen,  isos. 

t  See  Bertrand  on  tiw  Periodical  Renewal  of  the  Terrestrial  Continents. 
Hamburgh,  1799. 
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earth  is  not  only  fabllow,  but  also  that  the  interior  is  inbabitabfo,  or  itt 
least  accessible ;  for  he  alleged  that  an  opening  leading  to  it  exists 
somewhere  in  the  northern  hemisphere,  and  he  prt^posed  to  ex* 
ploreit. 

It  is  unnecessary  to  detail  the  rereries  of  Burnet,  Woodward,  and 
other  writers  of  less  note,  who  proposed  their  Tarious  and  discordant 
explications  of  the  origin  and  structure  of  the  earth. 

But  while  so  many  philosophers  were  busily  employed  in  eodee- 
▼curing  to  erect  systems  of  cosmogouy  on  the  basis  of  tiieir  own  ttoat 
imperfect  knowledge  of  the  nature  of  mineral  bodies,  or  drew  their 
ephemeral  theories  solely  from  imagination,  there  were  some  wbe 
more  wisely  applied  themselves  to  the  observation  of  nature,  and  to 
the  collection  of  correct  information  relative  to  the  productions  of  the 
mineral  kingdom  in  general,  and  especially  concerning  those  fosala 
which  exhibit  traces  of  having  originated  from  organization.  Bernard 
Paiissy,  a  potter  of  Salutes,  towards  the  end  of  the  sixteenth  centnrr, 
is  said  by  Fontenelle  to  have  been  the  first  who  ventured  to  assert  m 
Paris,  in  opposition  to  the  prevailing  opinion,  that  petrified  sbeBa 
were  the  remains  of  testaceous  animals  that  had  formerly  lived  in  the 
seft,  and  that  all  these  were  not  deposited  at  the  universal  Deluge.  He 
wrote  on  the  Origin  of  Springs  from  Rain-water,  and  other  scientiio 
works;  and  he  had  the  merit  of  displaying  much  juster  views  of  the 
operations  of  nature  tiian  most  of  his  contemporaries,  though  hts  ideas 
met  with  a  very  faint  reception  among  his  contemporaries.  Sisailar 
notions  were  advocated  by  Nicholas  Steno,  a  Dane,  who  became  pro- 
fessor of  anatomy  at  Padua,  in  Italy,  in  1669  ;  and  Hooke  and  Hay* 
in  England,  disting^uished  themselves  by  opposing  ftcts  to  Tisionary 
theories.  , 

Leibnitz,  in  his  Protogaea,  published  in  1680,  advanced  the  bold 
hypothesis,  that  the  earth  was  originally  a  burning  luminous  mass,  the 
gradual  refrigeration  of  which  produced  the  primitive  rocka,  fbiminf 
at  first  a  solid  crust,  and  this  being  ruptured,  owing  to  irregular  con- 
traction, the  fragments  fell  into  the  universal  ocean  formed  by  the 
condensation  of  vapours  on  the  surface  of  the  globe.  He  proceeds  to 
trace  the  production  of  inundations,  convulsions,  and  attrition  of  solid 
matter,  by  its  subsequent  deposition  constituting  the  various  kinds  of 
sedimentary  or  stratified  rocks.  Hence,  he  observes,  may  be  eoa- 
ceived  a  double  origin  of  primitive  masses  {    1.  By  ooolinff  after 
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ignemit  fiorioB ;  3.  By  re-concretioD  from  aqueous  solution*  " Hers^" 
tsys  Mr.  Conybesre,  "  we  huve  distinctly  stated  the  great  basis  of 
evm  scientific  classification  of  rock  formations. "  f 

Tne  grand  feature  of  the  theory  propounded  by  Leibnits,  relative  to 
the  candescent  state  and  gradual  cooling  of  the  earth,  was  adopted  not 
only  by  Whiston,  as  already  mentioned,  but  likewise  more  recently  by 
Bufibn,  Deluc,  and  other  theorists.  Among  those  men  of  sci^ice  who 
contributed  to  the  improvement  of  geology,  by  their  researches  into 
the  actual  structure  of  the  earth's  crust,  was  Tilias,  a  Swede ;  who, 
■ware  of  the  importance  of  an  exact  knowledge  of  mineral  bodies, 
published  in  1750  several  topographical  descriptions  illustrative  of  the 
geology  of  certain  districts  in  Sweden.  He  was  followed  by  Lehman, 
a  German  mineralogist,  director  of  mines  in  Prussia,  who,  in  an  Essay 
towards  a  Natural  History  of  the  Strata  of  the  Eartii,  1756,  proposed 
•  division  of  mountains  into  those  formed  before  the  creation  of  ani- 
mals, and  containing  no  fragments  of  other  rocks ;  mountains  which 
were  derived  from  the  partial  destruction  of  the  primary  rocks  by  a 
general  revolution ;  and  those  which  resulted  from  local  revolutions, 
and  in  part  from  Uie  Noachian  Deluge.  Many  other  writers  now  iq>. 
peered,  who  advantageously  directed  their  attention  to  the  investiga- 
tioB  of  particular  topics  connected  with  this  subject ;  as  the  causes 
and  phenomena  of  earthquakes  and  volcanos,  the  formation  of  deltas 
or  low  tracts  at  tiie  mouths  of  riven,  the  actual  structure  and  position 
of  mineral  strata,  and  the  description  of  fossil  remains  of  animal  or 
vegetable  origin.  Among  those  who  rendered  important  services  to 
the  canse  of  science  by  advancing  general  views  ot  the  tbeoiy  of  the 
earth,  wera  Dr.  James  Hntton,  of  Edinburgh,  and  Professor  Werner, 
of  Freyberg,  in  Saxony.  I'hese  celebrated  philosophers  produced 
systems,  in  one  respect,  diametrically  opposite  to  each  oUier;  for 
while  Hutton  attributed  the  formation  of^  the  older  rocks  entirely 
to  the  agency  of  fire,  Werner  insisted  that  they  originated  from 
•olutioo  in  a  liquid.  The  German  geologist,  however,  deserves  the 
aredit  of  having  directed  the  attention  of  his  pupils  to  the  constant 

•  M  Unde  jam  dniilex  orlgo  istdligitnr  primonun  corporum,  una,  com  ab 
ignis  ftiBione  refriffMccren^  altera,  cum  reconcretcerent  ex  solntione  aqwu 
rum." 

t  Protiess,  Actual  State,  and  Ulterior  Prospects  of  Geological  Science,  in 
Report  of  British  AMOCiation  for  18S9,  p.  908. 
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relationB  of  minenl  groups,  and  their  regular  order  of  raperpoaitioii ; 
distingfoiahiiig  the  classes  of  primaiy  rocks,  or  those  destitate  of  or- 
ganic remains,  as  granite  and  gneiss;  transition  .or  secondary  rocks, 
formed  from  the  disintegration  of  llie  preceding,  and  occasionally 
exhibiting  traces  of  organic  remains,  as  greywacke,  a  machankaJ 
compound  of  agglutinated  fragments ;  floetz  or  tertiary  rocks*  inchid- 
ing  the  coal  strata,  chalk,  and  freestone,  some  of  which  abound  in 
organic  relics ;  and  besides  these  allunal  strata  and  volcanic  rocks» 
the  latter  of  which  he  seems  to  hare  regarded  as  of  Uttle  impoctaooe, 
for  he  asserted  that  in  the  primeval  ages  of  the  world  there  wera  no 
Tolcanos.  The  great  merit  of  Hutton  consists  in  his  having*  demoi^ 
strated  the  igneous  origin  of  basalt,  and  other  trap  rocks ;  the  high 
probability  that  granite  is  derived  firom  the  same  source ;  and  thai  the 
other  primary  non-fbssiliferous  rocks  have  been  more  or  lees  subjected 
to  the  agency  of  fire,  "  The  ruins  of  an  older  world,"  said  HatfiQn« 
''  are  viable  in  the  present  structure  of  our  planet,  and  the  strata 
which  now  compose  our  continents  have  been  once  beneath  the  aei^ 
and  were  formed  out  of  the  waste  of  pre-existing  continents.  The 
same  forces  are  still  destroying,  by  chemical  decomposition  cvr  me- 
chanical violence,  even  the  hardest  rocks,  and  tranaporting  the  mata* 
rials  to  the  sea,  where  they  are  spread  out,  and  form  strata  analogoos 
to  those  of  more  ancient  date.  Althou^  loosely  deposited  aliMig 
the  bottom  of  the  ocean,  they  become  uterwards  altered  and  oon- 
solidated  by  volcanic  heat,  and  then  heaved  up,  fractured  and  eon- 
torted."* 

The  theory  of  Hutton  was  admirably  illustrated,  and  ably  sapported, 
by  Professor  Playfair,  of  Edinburgh,  while  it  was  assailed  by  Mmxcf  • 
Kirwan,  Deluc,  and  others,  a  violent  controversy  being  nudntained 
between  the  partizans  of  Werner,  who  were  called  Neptonists,  as 
ascribing  the  formation  of  all  rocks  to  water ;  and  those  of  Hottos, 
styled  Vulcanists  because  they  attributed  the  original  fonnstiiHi  of 
rocks  to  fire.  The  Neptunists,  for  a  time,  constituted  by  much  the 
more  numerous  parly ;  but  in  the  course  of  these  discussioiiSy  it  was 
at  length  perceived  tnat  speculation  had,  on  boUi  sides,  been  camsd 
further  than  was  warranted  by  the  extent  of  existing  informsitica;  sad 

*  LyeU's  Principles  of  Oeolory,  8d  ed.,  1834,  vol.  i.  pp.  88, 89 1  from  B 
Theory  of  the  Earth. 
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that  while  neither  the  theory  of  Werner,  nor  that  of  Hutton,  conld 
be  considered  as  affording  an  explanation  of  all  the  phenomena,  or 
making  near  approaches  to  perfection,  there  were  many  points  with 
respect  to  which  the  researches  and  obserrations  of  both  these  philo- 
sophers oontribated  to  the  extension  of  our  knowledge,  and  the  im- 
provement of  the  science. 

"  A  new  school  at  last  arose,  who  professed  the  strictest  neutrality, 
and  the  utmost  indifierenoe  to  the  systems  of  Werner  and  Hutton, 
and  who  were  resoWed  diligently  to  devote  their  labours  to  obser- 
ration.  The  reaction,  proYoked  oy  the  intemperance  of  the  contend- 
ing parties,  now  produced  a  tendency  to  extreme  caution.  Specu- 
lative views  were  discountenanced;  and  through  fear  of  exposing 
themselves  to  the  suspicion  of  a  bias  towards  the  dogpnas  of  a  party, 
some  geologists  became  anxious  to  entertain  no  opinion  whatever  on 
the  causes  of  phenomena,  and  were  inclined  to  scepticism,  even  where 
the  conclusions  deduoible  from  observed  fiicts  scarcely  admitted  of 
reasonable  doubt. 

"  But  although  the  reluctance  to  theorise  was  carried  somewhat  to 
excess,  no  measure  could  be  more  salutary  at  such  a  moment  than  a 
suspension  of  all  attempts  to  form  what  were  termed  theoriei  rf  the 
eardi,  A  great  body  of  new  data  was  reouired,  and  the  Geological 
Society  of  London,  founded  in  1807,  conduced  greatly  to  the  attain- 
ment of  this  desirable  end.  To  multiply  and  record  observations, 
and  patiently  to  await  the  result  at  some  future  period,  was  the 
object  proposed  by  them ;  and  it  was  their  favourite  maxim,  that  the 
time  was  not  yet  come  for  a  general  system  of  geology,  but  that  all 
must  be  content  for  many  years  to  be  exclusively  engaged  in  fur- 
nishing materials  for  future  generdiaations.  Bj  acting  up  to  these 
principles  with  consistency,  they  in  a  few  ^^ears  disarmed  all  prejudice. 
and  rescued  the  science  nom  tne  imputation  of  being  a  dangerous,  or 
at  best  but  a  visionary  pursuit."* 

One  train  of  research  which  was  now  pursued  with  great  ardour, 
and  which  contributed  much  to  the  improvement  of  science,  was 
respecting  the  nature  of  the  organic  remains,  which  were  found 
imbedded  in  various  strata  in  different  parts  of  the  worid.    Cuvier, 

«  LyeU't  Principles  of  Geology,  vol.  i.,  pp.  lOS,  iss. 
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the  celebrated  laatomist  and  soologist,  profiBsaor  of  nataral  histoiy  at 
Paria,  acqaired  great  dtstmction  by  the  number,  accuracy,  and  im- 
portance of  the  discoveries  which  be  made  relative  to  the  generic  and 
specific  characters  of  the  animals,  fragments  of  whose  bones,  and  otiier 
constituent  parts,  occurred  to  notice  in  the  course  of  his  long  and 
laborious  investigations.     He  ascertained  that  numerous  liying  beiagt 
of  di£fereBt  classes,  which  have  no  existing  analogues,  once  inhabited 
the  surfabe  of  the  globe ;  and  that  the  relative  priority  of  the  several 
strata  might,  to  a  certain  extent,  be  inferred  from  the  characters  of  die 
organic  remains  included  in  them.     Among  the  recent  cultivators  of 
this  branch  of  science  besides  Cuvier,  may  be  named  Alex.  Brongniait, 
Lamourouxy  Lamarck,  Deshayes.  Marcel  de  Serres,  Brocchi,  Goldfius, 
Farldnson,  Bncklatad,  Conybearej  J.  S.  Miller,  Mantell,  and  Lonsdale, 
who  devoted  their  attention  chiefly  to  fossilised  animd  remains ;  and 
Adolpbe  Brongniart,  Witham,  Lindley,  and  W.  Hutton,  whose  inves* 
tigations  have  been  especially  directed  to  botanical  oryctology.    The 
results  of  their  researches  relative  to  these  subjects,  and  those  of  odiei 
geologists  concerning  ^e  mineralogical  structure  and  positicm  of  rocb 
and  mountaina,  and  the  modifying  influence  of  existing  causes  on  tin 
surface  of  the  earth,  have  greatly  contributed  to  the  augmentation  of 
our  knowledge  of  the  nature  and  arrangement  of  the  superficial  strata 
of  the  planet  on  which  we  dwell,  which  must  be  regarded  aa  the  cnh 
sure  foundation  of  a  true  system  of  geognosy,  which  may  verify  c^ 
overtam  the  conjectural  speculations  of  those  philosophers  who  wroU 
dmring  the  infancy  of  the  science. 

The  highly  interesting  nature  and  relative  importance  of  the  diace- 
veries  of  modem  geologists  have  been  most  eloquentlj  unfolded  hj 
two  distinguished  writers,  who  have  themselves  contributed  in  oo 
small  degree  to  extend  the  boundaries  of  knowledge. 

*'  When  we  compare  the  result  of  observations  in  the  last  thirtr 
years,  with  those  of  the  three  preceding  centuries,  we  cannot  but  loci 
forwund  with  the  most  sanguine  expectations  to  the  d^^ree  of  ex- 
cellence to  which  geology  may  be  carried,  even  by  the  labours  of  the 
present  generation.  Never,  perhaps,  did  any  science,  with  the  excep- 
tion of  astronomy,  unfold,  in  an  equally  bnef  period,  ao  meay  noitl 
and  unexpected  truths,  and  overturn  so  many  preconceived  opinioBC 
The  senses  had  for  ages  declared  the  earth  to  be  at  rest,  until  the 
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astronomer  tangbt  that  it  was  carried  tbrough  space  with  inconceivable 
rapidity.  In  like  manner  was  the  surface  of  this  planet  regarded  as 
having  remained  unaltered  since  its  creation,  until  the  geologist 
proved  that  it  had  been  the  theatre  of  reiterated  change,  and  was  still 
the  Sobject  of  slow  but  never-ending  fluctuations.  The  discovery  of 
other  systems  in  the  boundless  regions  of  space  was  the  triumpn  of 
astronomy — to  trace  the  same  system  through  various  transformations — 
to  behold  it  at  successive  eras  adorned  wiUi  different  hills  and  valleys, 
lakes  and  seas,  and  peopled  with  new  inhabitants,  was  the  delightful 
meed  of  geological  research.  By  the  geometer  were  measured  the  re- 
gions of  space,  and  the  relative  distances  of  the  heavenly  bodies — by 
the  geologist  myriads  of  ages  were  reckoned,  not  by  arithmetical  com- 
putation, but  by  a  train  of  physical  events ~a  succession  of  phe- 
nomena in  the  animate  and  inanimate  worlds — signs  which  convey  to 
our  minds  more  definite  ideas,  than  figures  can  do,  of  the  immensity  of 
time."» 

"  By  the  discoveries  of  a  new  science  (the  very  name  of  which  has 
been  but  a  few  years  ingrafted  on  our  language),  we  learn  that  the 
manifestations  of  God's  power  on  earth,  nave  not  been  limited  to 
the  few  thousand  years  of  man's  existence.  The  geologist  tells  us,  by 
the  clearest  interpretation  of  the  phenomena  which  his  labours  have 
brought  to  light,  that  our  globe  has  been  subject  to  vast  physical  revo- 
lutions. He  counts  his  time,  not  by  celestial  cycles,  but  by  an  index 
which  he  has  found  in  the  solid  framework  of  the  globe  itself.  He 
sees  a  long  succession  of  monumects,  each  of  which  may  have  re- 
quired a  thousand  ages  for  its  elaboration.  He  arranges  them  in 
chronological  order,  observes  on  them  the  marks  of  skill  and  wisdom, 
and  finds  within  them  the  tombs  of  the  ancient  inhabitants  of  the  earth. 
He  finds  strange  and  unlooked-for  changes  in  the  forms  and  fasbiiMis 
of  organic  life  during  each  of  the  long  periods  he  thus  eontemplateau 
He  traces  these  changes  backwards  through  each  successive  era,  till  he 
reaches  a  time  when  the  monuments  lose  all  symmetry,  and  the  types 
of  organic  life  are  no  longer  seen.  He  has  then  entered  on  the  dark 
age  of  nature's  history ;  and  he  closes  the  old  chapter  of  her  records. 


*  Lyell's  Principles  of  Oeologjr,  vol.  i.  pp.  1O0, 107. 
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This  accoanf  has  so  itiucli  of  what  is  exactly  tni«,  thtft  it  liardfy  d^* 
serres  the  name  of  fig^ratiTe  description.*'* 


nOUBB   AND   MAGNITUDE  OP    TBB    EABTH,   ITS   MEAN    DENSITY,  SUPBB- 
tiCIAL   OONFORMATION    AND   STRUCTURE. 

Before  we  proceed  to  describe  the  present  state  of  the  crust  of  th« 
6arth,  and  investigate  the  probable  causes  of  its  origin  and  stmctora, 
with  the  nature  of  the  strata  or  more  irregular  masses  of  which  it  a 
composed,  it  will  be  requisite  to  notice  those  facts  concemmg  the 
general  figure,  dimensions,  and  density  of  tbe  terrestrial  globe,  and  of 
the  contour  of  its  surface,  as  a  body  of  land  snd  water,  for  a  knowledge 
of  which  we  are  indebted  to  the  researches  of  astronomers  and  gso* 
graphetsi 

That  the  figure  of  tbe  earth  is  spherical,  or  rather  spheroidal,  thoogii 
a  matter  of  dispute  among  ancient  philosophers,  and  still  disbelieTed 
by  the  yulgar,  is  now  admitted  as  an  incontestable  truth  by  all  well- 
informed  persons.  The  curved  surface  of  the  sea  when  viewed  fron 
the  shore,  and  tbe  observation  that  the  upper  rigging  of  an  approaeb- 
ing  ship  becomes  visible  to  a  distant  spectator  before  the  hull  comes  ia 
sight,  while  the  hull  first  disappears  when  the  vessel  is  receding, 
prove  that  the  object  in  question  must  be  moving  in  the  circam£erenc« 
of  a  great  circle.  A  similar  conclusion  may  be  drawn  from  iht 
changing  aspect  of  the  heavens  to  an  observer  traveling  from  north  to 
south.  For  though  tbe  stars  and  the  constellations  they  form  will  ^ 
found  to  maintain  the  same  relative  positions  with  respect  to  tbotf 
around  them,  and  the  points  on  which  Uie  celestial  dome  appears  to  ft* 
volve  remain  unaltered,  yet  the  angle  whicb  its  alis  of  rerohdot 
forms  with  the  horizon  continually  lessens ;  and  thus  any  star,  whiek 
at  the  place  whence  he  started,  seemed  to  the  obsetver  to  nave  reached 
its  greatest  elevation  to  the  south  of  the  point  directly  above  his  heed, 
now  that  he  has  altered  his  position,  will  appear,  when  highest,  oo  tbe 

«  IMscouree  on  the  Studies  of  the  University,  by  Adam  Sedgwick,  M.A., 
F.R.S.,  Woodwardian  Professor,  and  FeUow  of  Trin.  CoU.  Ctanb.,  1S94, 
pp.  26,  26.  ' 
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•oith  of  that  point ;  dearly  indicating  that  his  path  on  the  earth's  sur- 
&eQ  has  not  heen  a  right  line»  but  a  curye,  of  which  the  conyezity  is 
tamed  towards  the  sky,  corresponding,  in  -fact,  more  or  less,  wiui  a 
meridian  of  longitude.  The  appearance  of  the  moon  when  eclipsed, 
likewise  famishes  demonstrative  proof  of  the  spheroidal  figure  of  the 
earth,  for  lanar  eclipses  are  caused  by  its  circular  shadow  intercepting 
the  light  of  the  sun  from  the  moon's  disk. 

It  has  been  found,  however,  both  from  astronomicsl  and  geodesical 
dbsenrations,  that  the  earth  is  not  a  perfect  sphere,  but  that  its  fieure 
is  that  of  an  oblate  spheroid,  or  such  a  solid  as  would  be  formed  by 
the  revolution  of  a  fluid  mass  in  open  space.  Huygens  and  Newton 
deduced  the  real  figure  of  the  earth  from  the  doctrine  of  central  forces 
of  bodies  rayolving  in  circles,  and  their  conclusions  were  subsequently 
verified  by  actual  measurements  of  degrees  of  the  meridian  in  varioua 
latitudes.  It  appears,  however,  that  though  the  polar  diameter  of  the 
earth  is  certainly  smaller  than  its  equatorial  diameter,  the  exact 
difference  between  them  has  not  yet  been  accurately  ascertained.  It 
has  been  estimated  by  some  at  ^  part  of  the  equatorial  axis,  by 
others  at  %ig  part ;  but  Professor  Wallace  says,  «  We  may  assume, 
without  sensible  error,  that  the  equatorial  axis  is  to  the  polar  as  334  to 
533 ;  the  difference,  therefore,  of  the  semiaxes,  compared  with  the 
equat<uial  radius,  will  be  1  part  in  334.  The  fraction  of  ss4»  that  is, 
the  difference  of  the  semiaxes  divided  by  the  equatorial  radius,  is 
called  the  eompnssion  of  the  earth  at  the  poles."* 

*  Munray's  EncjrdopKdla  of  Geography,  1834,  part  ii.  b.  i.  ch.  19.  p.  1S8* 
"  As  Uie  earth  has  a  movement  of  rotation  about  its  axis,  all  its  parts  will 
tie  animated  with  a  certain  degree  of  centriftigal  force,  which  must  be  more 
or  leas  considerable  as  the  parts  approach  or  are  distant  from  the  axis.  Undet 
the  e(^uator  will  be  the  points  of  createst  distance  flrom  the  axis,  and  the  cen- 
trifogal  force  directly  opposed  to  &at  of  weight  or  gravitation,  ought  to  redace 
fhe  latter  there  more  than  at  any  other  placej  and  at  parts  intermediate 
between  the  poles  and  the  equator,  the  dimmation  of  weignt  ought  to  become 
less  sensible,  in  proportion  as  they  are  nearer  the  poles.  At  ather  pole  the 
centrifugal  force  will  vanish,  and  bodies  will  have  the  same  weight  as  if  the 
esurth  were  at  rest. 

"  As  gravity  must  be  normal  at  the  surfhoe  of  ttie  sea,  and  as  it  is  the 
resultant  of  terrestrial  attraction  and  centrifogal  Ibroe,  it  will  be  obvious  tiiat 
it  must  varvat  diffvent  places;  and  that  if  the  earth  was  originslly  a  fluid,  it 
oould  not,  in  consequence  of  its  rotation,  preserve  the  form  of  a  sphere,  but 
tiMt  it  must  assume  that  of  a  flattened  spheroid,  which  would  be  generated  by 
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The  detotfiDuiadoii  of  the  figure  of  the  earth  leads  to  oonclnsioos 
lespectiog  its  mean  density,  which  also  has  within  certain  limits  h6«e 
sufficiently  ascertained,  bir  Isaac  Newton,  reasoning  on  the  suppo- 
sition of  uniform  density  in  the  earth,  estimated  its  compressioB  at  tiis 
poles  as  s^  of  its  diameter.  Now,  since  experiment  has  demoa- 
strated  that  the  compression  is  less,  amounting  at  most  to  so&>  it  may 
he  concluded  from  the  obserrations  of  Clairault,  that  if  the  earth  is  t 
spheroid  of  equilibratioo,  it  is  denser  in  the  interior  than  at  its  surface ; 
and  from  the  experiments  of  Dr.  Maskelyne  and  Mr.  H.  Cavendish,* 
it  has  been  inferred  that  the  mean  density  of  the  earth  is  about  fin 
times  that  of  water,  and  therefore  double  that  of  the  substances  which 
eompose  the  crust  of  the  earth,  collectively  considered. 

Since  then  the  mean  density  of  the  terrestrial  globe  is  ao  much 
superior  tp  that  of  its  superficisl  strata,  it  foUowa  that  the  interior  or 
central  parts  must  be  composed  of  more  dense  materials  than  tiie 
exterior.  On  a  subject  so  open  to  speculation  as  the  constitntioo  of 
the  nucleus  of  the  earth,  a  variety  of  conjectures,  as  might  be  az- 
pected,  have  been  hazarded.  Diderot  endeavoured  to  explain  terrestml 
magnetism  and  other  phenomena,  by  supposing  the  internal  mass  toht 
a  vitrified  body,  on  which  as  a  centre  the  exterior  shell  revolved,  pKH 
duoing  by  friction  the  same  effect  as  the  cushions  on  the  cylinder  of  la 
electric  machine.  The  superior  density  of  the  interior  parts  of  tht 
earth  compared  with  the  exterior,  has  induced  some  to  conclude  tbit 
the  nucleus  of  the  earth  must  consist  of  some  substance  or  8ah> 
stances  naturally  possessing  high  specific  gravity,  like  certain  of  th« 
metals.  "  It  can  be  neither  gas  nor  water,"  says  Dr.  Bertrand,  *'  which 
constitutes  the  interior  mass,  nor  yet  the  heaviest  stony  subatanoes 
with  which  we  are  acquainted,  for  on  this  last  supposition,  the  entiit 
spheroid  would  have  but  one-third  or  one*fourth  of  the  weight  which 
has  been  attributed  to  it  from  calculation ;  therefore  it  must  be  con- 
posed  of  matter  as  ponderous  as  the  heaviest  metals/'t 

This  ingenious  speculator,  however,  in  reprobating  the  hypotbesiBof 


the  revolution  of  an  ellipsis  round  its  smaller  axis,    lliis  also  is  

by  experience,  and  that  the  flattening  at  the  poles  renders  the  axis  l-8ietli  lea 
than  the  diameter  at  the  equator."— /Vaxcorwr  Traiti  de  JUicmU^me  ^ 
iuire,  1826,  pp.  S87t  288.    See  Book  of  Science,  part  i.  pp.  47,  48,  ai-^4. 

*  See  Book  of  Science,  part  i.  p.  28. 

t  Lett,  ear  les  Rev.  da  Globes  p.  40. 
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a  fiaid  or  gaseous  niKleus  of  the  earth,  has  entirely  neglected  the  con- 
sideration of  the  relatire  compressibility  of  elastic  fluids  compared 
with  bodies  which  on  the  surface  of  the  earth  possess  superior  density. 
Mr.  Colebrooke,  in  a  paper  published  in  Brando's  Journal  of  Science, 
advanced  some  curious  and  interesting  speculations  on  the  internal 
portions  of  the  earth,  designed  to  show  that  they  may  consist  of  air 
and  water,  reduced  Inr  compression  to  extraordinary  degrees  of  density. 
Ue  observes  that  "  At  a  certain  assignable  depth  water  may  have  a 
density  greater  than  that  of  those  solids  which  are  most  abundant  in 
the  crust  or  shell  of  the  terrestrial  globe.  Hence  it  would  follow  that 
water  at  a  very  great  depth  would  be  capable  of  floating  bodies 
which  at  the  surface  sink  by  their  superior  weight,  provided  density 
and  specific  gravity  increase  much  less  rapidly  in  the  solid  than  in  the 
liquia,  under  corresponding  degrees  of  compression.  Let  a  sphere 
now  be  supposed  having  the  same  mean  temperature  of  its  mass,  and 
exclusively  composed  of  gas ;  for  instance,  atmospheric  air.  It  can 
be  conceived  that  this  gas,  more  compressible  than  a  liquid,  may  in 
obedience  to  the  power  of  gravity,  acting  directly  and  likewise 
mediately,  by  superincumbent  pressure,  be  so  distributed  in  the 
sphere,  as  that  the  density  and  consequent  weight  of  the  compressed 
gaseous  fluid  at  the  centre  of  the  sphere,  and  to  a  certain  extent  around, 
will  be  greater  than  that  of  the  liquid  in  a  like  position  within  tb* 
globe  before  mentioned.  It  would  be  capable  then  of  sustaining  in  a 
liquid  form  water  introduced  into  it.  liOt  these  suppositions  be  com- 
bined, and  a  ball  be  next  imagined,  composed  of  a  gaseous  fluid,  and 
of  a  liquid  with  solids  interspersed.  It  is  essy  to  conceive  the  relative 
compressibility  of  these  substances,  and  the  actual  compression  of 
them,  to  be  such  that  the  entire  portion  around  the  centre  may  be  occu- 
pied by  highly  condensed  gas,  encompassed  b^  a  liquid  mass,  whieb  ie 
pervaded  by  a  gaseous  fluid,  both  decreasing  in  density  upwards;  and 
beyond  the  liquid  surface  surrounded  by  an  atmosphere  oonsistiag  of 
gas  penetrated  by  aqueous  vapour.  Solid  substances  sparingly  scat- 
tered in  such  a  fluid  ball  would  float  at  a  great  depth ;  but  the  magni- 
tude of  cohesive  masses,  and  the  abundance  of  them,  may  be  imagined 
such  that  they  may  be  £tst  locked  snd  fixed  together,  in  the  manner  of 
field-ice,  at  tiie  same  time  that  the  weight  of  them  is  such  as  would 
float  them  were  they  loose,  like  an  iceberg,  with  a  relatively  small  por- 
tion of  the  floating  mass  emergent.     In  a  word,  a  solid  cmst  might 
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exift,  ■Qttained  by  the  water  in  which  it  is  immened,  at  the  same  time 
that  the  irre^ar  and  uneven  surface  of  the  cohesive  mass  emerges  in 
partf  while  other  portions  are  submerged."* 

•  Sir  John  Leslie  instituted  some  important  experiments  on  the  ccntt- 
pieasibility  of  different  kinds  of  matter,  from  which  he  drew  vety 
remarkable  conclusions,  deeply  affecting  the  subject  under  conddeii* 
tion.  He  computed  that  air  under  the  law  of  uniform  condensatioa 
would  become  as  dense  as  water  at  the  depth  of  S3}  miles,  and  that  it 
a  further  depUi  of  163}  miles,  it  would  acquire  the  density  of  qwA- 
silver.  Water  at  the  depth  of  93  miles  would  be  oompreaaed  to  half 
its  former  bulk ;  and  at  the  depth  of  362}  miles  would  be  aa  dense  tt 
quieksilver.  Even  marble  itself,  subjected  to  its  own  preaaore,  would 
become  twice  as  dense  aa  before,  at  the  enormous  depth  of  t87} 
miles.  Air,  however,  from  its  rapid  compressibility,  would  acquire  tto 
same  density  with  water,  sooner  than  the  latter  fluid  would  reach  the 
oondensation  of  marble.  If  we  calculate  for  a  depth  of  395{  miles,  or 
about  a  tenth  part  of  the  radius  of  the  earth,  we  shall  find  that  sir 
would  attain  the  astonishing  density  of  101960  billions ;  while  at  the 
same  depth  water  would  attain  but  the  density  of  4M99,  and  marbk 
only  that  of  3.8025.  At  the  centre  of  the  earth  air  would  reach  the 
inconceivable  density  denoted  by  764,  with  166  ciphera  annexed; 
while  water  would  be  condensed  3,009,000  times,  and  marble  acquire 
the  density  of  119. 

"  Such  are  the  prodigious  results  deduced  from  the  law  of  gravitt- 
tioD,  even  supposing  the  structure  of  the  globe  were  uniform.  Bat  if 
we  take  into  the  estimate  the  augmented  power  from  condensation,  tte 
numbers  would  become  still  more  stupendous.  It  followa,  tbereforei 
that  if  the  great  body  of  our  earth  consisted  of  any  such  materials  as 
we  are  acquainted  with,  its  mean  density  would  very  for  surpass  the 
limits  assigned  by  the  most  accurate  inyestigations.  It  seems,  there* 
fore,  to  follow  conclusively,  that  our  planet  must  have  a  veiy  widdf 
eavemous  structure,  and  that  we  tread  on  a  crust  or  aheU,  whose 
thickness  bears  but  a  very  small  proportion  to  the  diameter  of  iti 
sphere.  Physical  science  can  extend  her  prospects  to  the  forthest 
verge  of  possibilities,  but  chemistry,  even  in  its  present  advanced 

«  On  Fluidity;  tmd  an  Hypothesis  concerning  the  Structure  of  the  Berth. 
Joom.  of  Scienee,  v(fl.ix.  p|(.  5S-^. 
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stage,  fails  altogether  in  aiding  inquiry ;  and  the  various  hypotheses 
framed  by  geologists  are  built  with  such  scanty  and  slender  materials, 
as  to  furnish  no  safe  guidance  through  those  bouniiless  speculations. 
It  is  evident  that  immense  compression  would  totally  derange  the 
powers  of  elective  attraction,  and  change  the  whole  form  and  consti« 
tntion  of  bodies.  When  air  becomes  denser  than  gold,  it  is  hard  to 
conjecture  what  transmutations  this  plastic  fluid  must  undergo.  The 
bowels  of  the  earth  may  contain  substances  thus  transformed,  bearing 
no  longer  any  resemblance  to  their  aspect  on  its  surtace. 

"  But  since  an  absolute  void  is  inadmissible,  the  vast  subterranean 
cavity  must  be  filled  with  some  very  diffusive  medium,  of  astonishing 
elasticity  or  internal  repulsion  among  its  molecules.  The  only  fluid  we 
know  possessing  that  character  is  uoht  itself,  which,  when  imbodied^ 
constitutes  elemental  heat  or  fire.'*  Prof.  Leslie  proceeds  to  compare 
the  velocity  of  light  with  that  of  air,  and  hence  infers  that  "  its 
modulus  of  elasticity  must  amount  to  the  stupendous  column  of  3300 
billions  of  miles,  an  extension  which  is  889  times  greater  than  the 
diameter  of  the  orbit  of  Uranus,  the  most  distant  of  the  planets  yet 
discovered.  Only  such  surpassing  powers  of  repulsion  would  appear 
at  all  adequate  to  balance  uie  cumulative  mass  of  compression,  and 
restrain  the  condensation  of  our  globe  within  moderate  limits.  We 
are  thus  led,  by  a  close  train  of  induction,  to  the  most  important  and 
striking  conclusion.  The  great  central  concavity  is  not  that  dark  and 
dreary  abyss  which  the  &ncy  of  poets  had  pictured.  On  the  contrary, 
this  spacious  internal  vault  must  contain  tJie  purest  ethereal  essence, 
light,  in  its  most  concentrated  state,  shining  with  intense  refulgence  and 
overpowering  splendour."* 

Such  is  the  truly  brilliant  theory  announced  by  Sir  J.  Leslie,  relative 
to  which  Mr,  Conybeare  remarks,  that  the  calculations  on  which  it  i» 
founded  are  formed  on  the  assumption  that  the  modulus  of  elasticity  of 
air,  water,  &c.,  is  invariable,  however  greatly  the  pressure  may  be 
increased,  a  conclusion  rendered  questionable  by  the  experiments  of 
Faraday,  on  the  condensation  of  gases,  and  which  does  not  take  into 
the  account  variations  of  temperature.  Other  objections  might  be  ad* 
vanoed,  which  would  apply  to  the  hypotheses  of  both  Colebrooke  attd 

^  LeiUe's  Kl^ments  oT  Nat  PhUos.,  vol.  i.  note  i.  pp.  450--46S.     . 
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L«tlie ;  but  they  woald  nther  tend  to  show  the  difficulty  of  the  nib* 
ject,  than  to  fumuh  groand  for  the  election  of  a  more  pniiAble  theory. 

Obserretionfl  relative  to  the  temperature  of  the  earth,  aad  the  pro* 
hable  sources  whence  it  is  derived,  might  be  expected  to  lead  to  some 
reasonable  conclusions  relative  to  its  central  structure  and  composition. 
This  subject  may  be  regarded  as  appertaining  more  directly  to  the 
science  of  pyronomics  tlnn  to  geology,  and  it  has  accordingly  been  ge> 
nerally  noticed  in  the  preceding  volume  of  this  work;*  but  it  is  so 
intimately  connected  with  the  topics  under  discussion,  as  to  requR 
more  particular  attention. 

That  the  internal  parts  of  the  earth  are  more  highly  heated  than  id 
sur&ce,  and  that  their  temperature  depends  on  o^er  caoaea  than  the 
influence  of  the  sun's  rays,  may  naturally  be  inferred  from  the  pheao* 
mena  of  volcanos  and  thermal  springs,  which  have  in  acme  degree 
attracted  the  attention  of  philosophers  in  early  times ;  but  the  dootrbie 
of  central  heat,  adopted  to  account  for  these  and  other  aaaJogooe 
occurrences,  has  recently  derived  strong  confirmation  from  ezperisMolt 
and  observations,  instituted  for  the  express  purpose  of  aaoertHung 
how  far  it  is  consistent  with  the  general  economy  of  nature. 

In  1671,  Cassini,  the  first  distinguished  astronomer  of  that  aane, 
noticed  that  in  the  caves  under  the  Observatory  at  Paris,  the  tempera* 
ture  had  remained  unaltered  during  a  whole  year ;  and  in  1730,  Labiit 
made  a  similar  observation,  forty  years  later  the.  Count  de  Caasini 
first  pero^ved  the  full  importance  of  this  phenomenon;  and  in  1771, 
be  commenced  a  series  of  experiments  for  the  purpose  of  elacidatinf 
it*  At  length,  on  the  4tb  of  July,  1783,  he,  in  oonjunctiaii  witk 
Lavoisier,  placed  in  the  caves  of  the  Observatory  a  very  aensible 
tiiermometer,  so  arranged  as  to  show  the  slightest  variations  of  tampm* 
ature  that  might  take  place.  It  was  fixed  30.6  yards  below  the  sufroSb 
and  imbedded  in  sand ;  and  the  observations  of  Cassini  himself,  will 
those  subsequently  made  by  Bouvard  for  thirty-two  joara,  ahowetf 
that  during  more  than  half  a  century  the  temperature  of  the  eaves  hai 
remained  permanent  at  11^.82  of' the  centigrade  thermometer,  the 
slight  oscillations  which  occurred  never  amounting  to  mora  than  S5eflB- 
tiemea  of  a  degree  above  or  below  11<*.82,  and  being  apparently  oiriB| 

«  See  Book  of  Science,  parti,  pp.  209^-300}  Sded.,pp. 
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to  8crid€ntal  causes.  The  mean  annual  temperatute  of  the  air  at  Paris 
is  only  10^.6,  so  that  the  constant  temperature  of  the  earth  there  30.6 
yards  beneath  the  surface,  exceeds  it  by  1^,2  centig.,  or  2^.16  of 
Fahrenheit.  Hence  it  appears  that  the  depth  corresponding  to  an 
augmentation  of  temperature  amounting  to  1®,  is  about  25|  yards ; 
and  admitting  that  the  temperature  increases  uniformly  with  the  depth, 
the  heat  must  be  equal  to  Uiat  of  boiling  water  at  the  depth  of  2542 
3rards  below  Paris.  Observations  thus  exact  and  long  continued  have 
unfortunately  been  made  only  at  the  Parisian  Observatory*  but  from 
the  nature  of  the  results  it  may  be  inferred,  that  this  stability  of  sub- 
terranean temperature,  is  not  an  accidental  phenomenon,  but  depends 
on  general  causes,  and  therefore  it  may  be  concluded  that  in  all  places, 
at  a  given  depth  beneath  the  sur&ce  of  the  earth,  there  is  a  certain 
point  at  which  the  temperature  remains  constantly  the  same,  being 
uninfluenced  by  those  causes  which  may  affect  the  surface. 

llie  series  of  such  points  of  invariable  temperature  around  the 
globe  may  be  termed  the  invariable  stratum,  at  which  the  influence  of 
all  those  alternations  of  heat  and  cold,  occasional  or  periodical,  which 
might  act  on  the  superior  soil,  would  be  extinguished.  This  stratum, 
however,  cannot  be  considered  as  forming  a  regular  curve,  or  main- 
taining a  constant  distance  from  the  surface ;  for  its  depth  and  con- 
formation must  be  affected  by  the  nature  of  the  surface,  as  consisting 
of  land  or  water,  and  as  being  diversified  by  plains,  mountains,  and 
▼alleys,  and  composed  of  materials  more  or  less  dense  and  compact. 

A  few  observations  only  have  been  made  relative  to  the  variations  of 
lamperature  which  take  place  in  the  space  between  the  surface  and  the 
invariable  stratum.  So  far  as  they  go,  however,  they  tend  to  show 
that  the  influence  of  the  solar  heat  prevails  in  the  summer  months,  and 
that  of  central  heat  in  the  winter,  as  might  be  expected. 

But  the  most  important  observations  are  those  which  have  been 
made  on  the  temperature  of  tbe  earth  below  the  invariable  stratum. 
The  prevalence  or  heat  in  mines  had  been  noticed  and  variously  ac- 
counted for  by  philosophers,  long  before  it  was  made  the  subject  of 
dinect  experiment.  Gensanne  appears  to  have  first  discovered  that  the 
temperature  of  the  earth  increases  with  the  depth  below  the  surface,  by 
means  of  thermometrical  observations  instituted  in  tbe  lead-miues  of  Gi- 
romagny,nearBefort,  in  1740  *,  and  in  1785»carre8pondiQg  experiments 
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were  made  by  Saussure,  in  a  mine  at  Bex,  in  the  canton  of  Berne.  la 
1791,  the  subject  oceupied  the  attention  of  Humboldt,  who  made  an 
eztensiTO  and  interesting  series  of  experiments  in  the  mines  of 
Freyberg.  In  1803,  D'Aubuisson  reyived  the  important  investigatioD, 
and  since  that  time  observations  have  been  multiplied  in  the  principal 
mines  of  Europe,  in  France,  in  Germany,  and  in  England,  while 
Humboldt  proceeding  on  his  memorable  scientific  voyage  in  1798, 
examined  the  temperatures  of  the  mines  of  America  to  the  depth  of 
522  metres. 

M.  Cordier,  in  1827,  published  an  interesting  memoir,  on  the  tem- 
perature of  the  earth  (in  M^moires  du  MuUum  aHisioire  KaturBlU),  in 
which  he  collected  the  observations  of  others,  together  with  his  own, 
and  having  classed  and  arranged  them,  drew  from  mem  some  interesdog 
general  conclusions.  He  ascertained  that  after  making  due  allowance 
for  the  heat  in  mines  arising  from  the  presence  of  miners,  the  com- 
bustion of  lamps,  and  communication  with  the  atmosphere,  the  foUow- 
ing  results  were  established  : 

1.  Below  the  invariable  stratum,  where  the  oscillations  of  sur- 
face heat  are  extinguished,  the  temperature  remains  perfectly 
constant  for  g^ven  depths,  without  any  variation  for  several  yean 
2.  That  in  all  places  where  observations  have  been  made  beloir  the 
invariable  stratum,  the  temperature  always  goes  on  increasing  witk 
the  depth.  3.  That  the  ratio  of  the  augmentation  of  temperature,  in 
descending  below  the  invariable  stratum,  is  different  tor  differait 
places.  M.  Cordier  considers,  that  from  25  to  30  metres'  depth  maj 
be  assumed  approximately  as  corresponding  with  an  increase  of  tan* 
perature,  amounting  to  1  centesimal  degree;  and  therefore  V*  d 
Fahrenheit  may  answer  to  about  15  yards.  On  the  last  supposidoB 
of  1^  F.  additional  for  every  15  yards  of  vertical  descent,  it  most 
follow  that  at  the  centre  of  the  globe  the  temperature  would  rise  to 
3500**  of  Wedgwood's  pyrometer.  The  temperature  of  100^  W.. 
which  would  be  sufficient  for  the  fusion  of  lavas  and  most  kinds  of 
rocks,  would  be  found  at  the  depth  of  about  ISO  miles.  It  is,  how- 
ever, uncertain  what  may  be  the  mean  thickness  of  the  solid  crost  of 
the  earth ;  and  Cordier  imagines  that  it  may  not  exceed  60  milei> 
Hence  a  strong  presumption  arises  in  support  of  the  inference,  that 
the  consolidation  of  the  exterior  crust  is  the  effect  of  a  gradual  cooliaf  • 
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If  this  is  the  case,  the  consolidation  must  have  commenced  at  the  sur* 
face,  and  proceeded  towards  the  interior ;  and  therefore,  contrary  to 
the  received  opinions  of  geologists,  the  primitive  rocks  are  more  an- 
cient in  proportion  as  they  are  nearer  the  surface.  It  follows  also, 
that  the  strata  ought  to  be  arranged  in  the  order  of  fusibility,  or  nearly 
80,  some  allowaoce  being  made  for  the  interruption  of  this  order, 
owing  to  tlie  rapidity  of  oooline  at  first,  and  to  the  influence  of  che- 
mical affinity  on  the  vast  mass  of  the  globe. 

Another  necessary  consequence  of  the  hypothesis  is,  a  contraction 
of  the  dimensions  of  the  earth,  through  the  diminution  of  its  tempera- 
ture ;  causing  subsidence  and  approximation  of  the  exterior  crust,  and 
consequent  dislocation  of  its  parts.  This  may  account  for  the  nume- 
rous cracks  and  fissures,  and  the  irregularity  of  the  disposition  and 
inclination  of  the  superior  strata.  But  the  subsidence  not  taking 
place  regularly,  would  not  produce  a  general,  or  very  extensive  change 
of  level,  though  it  might  be  sufficient  to  explain  certain  phenomena  not 
easily  accounted  for  otherwise :  such  as  the  apparent  secular  decrease 
of  the  water  of  the  Baltic,  and  the  alteration  of  level  of  the  Mediter- 
ranean observed  on  the  coast  of  Egypt.  The  most  important  effect, 
however,  of  the  contraction  of  the  bulk  of  the  earth,  is  an  acceleration 
of  its  rotatory  motion.  For  such  is  the  mechanical  relation  between 
the  dimensions  of  the  earth  and  its  period  of  rotation,  that  if  it  under- 
goes contraction  of  volume,  the  rotatory  motion  must  be  accelerated ; 
whence  increase  of  centrifugal  force,  causing  the  level  of  the  ocean  to 
be  raised  a  little  between  the  tropics,  and  lowered  in  the  polar  re- 
gions, so  that  the  northern  parts  of  Europe  and  Asia  would  be  gra- 
dually elevated  above  their  former  level  with  respect  to  the  sea.*  In 
this  way  the  numerous  islands  of  the  Pacific  Ocean  may  be  supposed 
to  be  the  summits  of  mountains  belonging  to  a  portion  of  submerged 
continent.  The  same  relation  also  affords  the  means  of  measuring  the 
secular  contraction,  for  the  length  of  the  day  is  an  astronomical  ele- 
ment of  such  importance,  that  ue  slightest  variation  would  be  imme- 


«  Bee  Book  at  Science,  pt  i.  p.  40,  &c.,  for  the  manner  of  estimatiDg  cen- 
trlfiiffal  force,  and  observations  on  the  consequences  of  its  overcomiag  the 
force  of  ffravttatUm. 
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diately  detected.  But  observations  sufficiently  aceimte  render  it 
certain,  that  since  the  time  of  Hippaichus,  or  during  the  lost  twen^ 
centuries,  the  length  of  the  day  has  not  varied  by  ^  of  a  second. 
Hence  it  necessarily  follows,  that  if  the  contraction  is  procee^ngr,  it 
must  be  at  a  rate  almost  infinitely  slow.  The  amount  o£  contiactioiik 
however,  cannot  safely  be  taken  as  a  measure  of  the  loss  of  tempeit* 
ture.  The  cooling  takes  place  under  circumstances  very  diftoeat 
from  those  in  which  bodies  are  placed  when  exposed  to  the  firee  actMa 
of  the  atmosphere,  and  the  ordinary  laws  of  contraction  mast  be  gm% 
modified  by  the  enormous  pressure  at  the  depth  of  twenty  lesgaei 
beneath  the  surface. 

It  has  been  found  that  the  temperature  of  springs,  as  they  ioM 
from  the  earth,  varies  but  inconsiderably  at  different  seasons  of  tbe 
year ;  and  that  in  our  hemisphere  they  attain  their  highest  degree  of 
heat  in  general  about  the  month  of  September,  and  their  lowest  to* 
wards  March,  the  difference  of  the  two  extremes  being  tnm  1" 
to  2^  centig.  From  a  table  of  the  mean  temperature  of  sprisfs 
in  different  parts  of  the  world  compared  with  that  of  tbe  air  it  tk 
surface  of  the  soil,  collected  from  the  experiments  of  different  ob* 
servers,  by  M.  Fouillet.  it  appears  that  in  the  torrid  «me,  the  nen 
temperature  of  the  air  is  in  general  somewhat  lower  tfaoui  thtf  of 
springs ;  but  in  the  temperate  aone  the  contrary  appearanees  tike 
piace,  the  springs  are  warmer  than  the  air,  their  excess  of  tempentn* 
usually  increasing  with  the  latitude,  so  that  at  60  or  70  degrees,  hm 
the  accurate  observations  of  Wahlenberg,  it  may  be  concluded  tkit 
their  temperature  is  from  3®  to  4^  centig.  above  that  of  the  air. 

Investigations  of  the  heat  of  Artesian  Wells,*  have  brought  to  lig^t 
some  important  results  relative  to  the  internal  tempeTatore  of  dx 
earth.  M.  Arago  collected  observations  whence  it  appeared  thiA  tibi 
greater  the  depth  of  such  wells,  the  higher  is  the  temperature  of  tbt 
waters  that  flow  from  them.  M.  Flenriau  de  Bellevue  found  that  tbt 
temperature  of  the  water  at  the  bottom  of  an  Artesian  Well,  by  the  fft 
side,  near  Rochelle,  316  feet  deep,  was  16^.25  centig. ;  and  the  bomf 
being  afterwards  continued  to  the  depth  of  369.5  feet,  the  tempertfon 

*  For  an  account  of  the  nature  of  Artesian  WeUs,  see  Tteatiae  oa  Ht- 
drostaticB,  Book  of  Science,  part  i.  p.  HO. 
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•t  th«  bottom  WIS  found  to  be  18^.12  centig.,  the  mean  surface  tem- 
peratore  of  the  country  being  11^.87  centig.* 

Though  there  are  yarious  circumstances  that  might  occur  to  modify 
the  temperature  of  springs,  jet  it  must  be  inferred  from  the  preceding 
obeervatiooB  that  some  springs  display  degrees  of  heat  greater  than 
could  be  supposed  to  be  caused  by  the  influence  of  the  rays  of  the  sun 
propagated  through  the  superficial  strata  of  the  earth.  This  also  still 
mora  evidently  appears  from  the  temperature  of  thermal  waters,  some- 
times approachiog  to  the  boiling  poiot.  The  source  of  heat  in  springs 
or  fountains  of  this  kind  has  been  the  subject  of  much  controversy. 
Connected  as  they  frequently  are  with  yolcauos,  their  temperature 
may  naturally  be  imputed  to  volcanic  agency;  and  when  hot  springs 
are  found  traversing  cracks  in  strata  not  volcanic,  attempts  have  been 
made  to  account  for  the  phenomena  by  chemical  combinations  at  incon- 
siderable depths ;  but  the  salts  usually  found  dissolved  in  these  waters 
do  not  sfhrd  support  to  this  theory,  and  Berzelius  has  shown  it  to  be 
untowble  with  respect  to  the  Carlsbad  waters.f  Numerous  instances 
occur  of  the  existence  of  thermal  springs  in  tracts  of  country  distant 
from  any  opeo  or  extinct  volcanos.  It  may,  however,  be  alleged  that 
they  may  possibly  communicate  with  some  deeply-seated  foci  of  vol- 
canic agency ;  yet  admitting  such  communication,  it  would  only  tend 
to  prove  that  volcanos  as  well  as  thermal  fountains,  owe  their  origin  to 
central  heat. 

Among  the  hot  springs  obviously  connected  with  volcanos  are  the 
Geysers  in  Iceland,  the  phenomena  of  which  deserve  to  be  noticed, 
as  the  extraordinary  efiects  exhibited  serve  in  some  degree  to  indicate 
Che  extent  and  magnitude  of  the  power  by  which  they  are  produced. 

"  These  intermittent  hot  springs  rise  from  a  large  tract,  covered  to 
a  eoQsiderable  depth  by  a  stream  of  lava,  and  where  thermal 
water  and  apertures  evolving  steam  are  very  common.  The  Great 
Geyaer  rises  out  of  a  spacious  basin,  at  the  summit  of  a  circular 
mound,  composed  of  siliceous  incrustations,  deposited  from  the  spray 
of  its  waters.     The  diameter  of  the  basin  or  crater,  in  one  direc- 


«  De  la  Becbe*s  Geological  Manual,  3d  ed.,  1833,  Svo,  p.  IS;  from  Jonm.  de 
Oeologte,  torn.  L 
t  Id.  p.  17. 
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€<mld  bring  on  an  eruption  in  a  few  minutea.*  The  fragments  of 
atone,  aa  wdl  aa  the  boiling  water,  were  thrown  in  that  case  to  a  much, 
greater  height  than  usual.  After  the  water  had  been  ejected,  a  column 
of  steam  continued  to  rush  up  with  a  deafening  roar  for  nearly  an 
hour ;  but  the  Geyser,  as  if  exhausted  by  this  effort,  did  not  give 
symptoms  of  a  fresh  eruption  when  its  usual  interval  of  rest  had 

ciapaed/'t 

Sir  George  Mackenzie  describes  the  continual  discharges  of  water 
and  steam  from  the  Great  Geyser,  during  its  period  of  excitement, 
as  resembling  the  distant  firing  of  artillery  from  a  ship  at  sea  ;  and  he 
estimates  the  height  of  the  jet  as  being  at  least  90  feet.  The  tempera- 
ture of  the  water  in  the  pipe,  when  sufficiently  high  for  observation, 
was  found  to  be  209<'  fabrenheit.}  There  are  several  other  alter- 
nating hot  springs  in  Iceland,  one  of  which,  called  the  New  Geyser, 
fonoeriy  an  insignificant  fountain,  now  explodes  like  that  already 
described ;  but  most  of  these  springs  are  of  inferior  magnitude  to  the 
Geysers. 

The  distribution  of  heat  in  large  masses  of  water,  aa  lakes  and 
fleas,  is  much  more  uniform  than  in  the  solid  strata.  This  fact,  ascer- 
tained by  Saussure,  by  means  of  experiments  on  the  lakes  of  Switzer- 
land between  1777  and  1784,  may  be  regarded  as  depending  on  that 
property  of  water,  in  virtue  of  which  it  acquires  its  greatest  density,  a 
few  degrees  above  the  freezing  point.  More  extensive  observations, 
however,  have  shown,  that  while  the  temperature  of  water  varies  but 
little  at  different  depths  in  the  temperate  zone,  it  increases  with  the 
depth  in  the  polar  seas ;  and  this  augmentation  of  temperature  in 
descending,  may  reasonably  be  supposed  to  depend  on  the  influence  of 
central  heat. 

The  temperature  of  the  atmosphere,  like  that  of  the  sea  in  the  equa- 
torial regions,  decreases  generally  with  the  distance  from  the  surface. 
And  hence  extreme  cold  prevails  at  a  great  elevation.  The  tops  of 
high  mountains  in  the  torrid  zone  are  covered  with  perpetual  snow, 
and  M.  Gay  Lussac,  in  his  famous  aeronautic  expedition,  having 
ascended  al)out  a  league  and  a  half  above  the  city  of  Paris,  expe- 
lianoed  a  depression  of  temperature  12^  centig.  below  the  freezmg 

«  Journal  of  a  Residence  in  Iceland,  p.  74. 

t  Lyell'S  Principles  of  Geology,  voL  il.  pp.  S07--309. 

t  Mackenzie's  travels  in  Iceland. 
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point.  At  greater  beigbts  tbe  cold  would  become  ntterlj  msnpport' 
able.  Tbese  circamstancea  depend  chiefly  on  the  absence  of  reflectm; 
bodiea  in  tbe  higher  regions,  and  the  rarity  of  tbe  air,  which  affords  a 
free  passage  to  the  solar  rays,  deriving  from  tbem  but  an  inconsider* 
able  augmentation  of  temperature. 

However,  though  the  cold  appears  to  increase  with  the  beigirt 
throughout  the  extent  of  the  earth's  atmosphere,  it  is  probable  that 
there  is  a  limit  in  space  beyond  which  the  temperature  cannot  deseeni 
The  earth  and  tbe  other  planets  may  be  regarded  as  moving  witiiin  t 
medium  of  uniform  temperature,  such  as  would  exist  within  the  splieie 
of  Uranus,  if  the  sun  and  all  the  planetary  bodies  were  removed. 
That  such  a  temperature  occurs  in  the  regions  beyond  tbe  atmosphere, 
may  be  inferred  from  various  considerations.*  The  innumerable  stars 
scattered  through  the  heavens,  glittering  with  light  as  we  bebdd 
them,  cannot  be  imagined  to  be  destitute  of  heat,  and  bow  feeUe 
■oever  their  influence,  in  consequence  of  their  distance,  they  most 
produce  some  effect  on  bodies  in  surrounding  space.  Admitting,  tbes. 
diat  there  is  an  elastic  medium  beyond  the  atmosphere  of  the  Math,as 
seems  to  be  proved  by  observations  on  the  periodic  revolutions  of 
£ncke*8  comet,*  it  must  have  a  certain  capacity  for  beat,  like  all  other 
matter.  But  whether  the  temperature  of  the  planetary  spaces  be  cansed 
by  radiation  from  tbe  stars,  or  be  regarded  as  essentially  belonging  to 
the  elastic  medium,  the  mathematical  investigation  of  the  state  of  thi 

*  The  comet  distingroished  by  the  name  of  the  German  astronomer,  Enckc. 
who  first  ascertained  that  it  had  a  comparatively  short  period  of  revolutioa. 
appears  to  be  gradually  approaching  nearer  and  nearer  to  the  son  in  eadt  sv> 
cessive  revolution,  whence  it  follows,  that  it  must  move  in  a  reristiif 
medium.  Encke  stated  (in  the  Berlin  Ephemeris,  1833)  as  the  result  of  h0 
observations,  that  the  periodic  time  of  this  comet  was  shorter  than  that  de- 
duced from  earlier  investigations.  Calculations  were  subsequently  made  » 
to  the  effect  of  perturbations  of  the  comet  produced  by  its  approadi  to  ttc 
planet  Jupiter,  after  making  allowance  for  which,  however,  it  was  found  that 
the  diminution  of  its  orbit  could  only  be  accounted  for  by  the  existence  of  a 
resisting  medium.  "  Tlie  magnitude  of  the  resistance  is  such,  as  to  dimiiusii 
the  periodic  time  about  1- 10,000th  of  the  whole  at  each  revolution,  a  qoantitr 
so  largre  that  there  can  be  no  mistake  about  its  existence.  The  history  of  tkb 
discovery  is  undoubtedly  one  of  the  most  curious  that  modem  astronomj  bis 
presented."— Pro^.  Airy  on  Astronomy,  in  Rep,  of  Brii,  Assoc,  for  l«tt 
p.  163.  See  also  Whewell*s  Astronomy  and  General  Physics,  Bridgwater  Tt, 
b.  3,  ch.  iv. 
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Bor£Ke  of  the  earth  prores  that  there  must  exist  a  fdndamental  tem- 
peratare,  indepesdeiit  of  the  sun  or  any  soarces  of  internal  heat ;  for 
otherwise,  the  superficial  temperature  would  be  very  different,  and  its 
decrease  from  the  equator  to  the  poles  incomparably  greater  than  it  is 
in  reality.  If  the  earth  revolved  in  a  medium  absolutely  destitute  of 
heat,  the  slightest  variations  in  the  sun^s  distance  would  occasion 
sensible  changes  of  temperature,  and  the  diurnal  alternations  would 
be  fatal  to  organic  life.  These  effects  must  be  in  some  degree  modi- 
fied by  the  presence  of  the  atmosphere,  yet  the  comparatively  small 
variations  of  temperature  which  actually  take  place  are  incompatible 
with  the  existence  of  a  degree  of  cold  in  the  planetary  regions,  much 
beyond  the  freezing  point  of  mercury.  On  computing  the  amount  of 
temperature  which  the  medium  without  the  atmosphere  must  possess, 
to  account  for  the  existing  thermometrical  state  of  the  earth's  surfiuw, 
Baron  Fourier  found  that  the  phenomena  are  such  as  would  result 
from  the  supposition  ^at  the  celestial  spaces  have  a  temperature 
equal  to  50*^  centig.,  or  58<*  Fahrenheit  below  zero.  It  should  be 
remarked,  that  this  theory  has  been  to  a  certain  extent  confirmed  by 
the  researches  of  M.  Svanbera^,  a  Swedish  philosopher,  who  having 
investigated  the  temperature  of  the  planetary  spaces  upon  a  principle 
different  from  that  adopted  by  Fourier,  arrived  at  nearly  tne  same 
conclusion.* 

All  the  phenomena  of  temperature,  as  respects  the  solid  parts  of  the 
earth,  the  waters,  and  the  atmosphere,  seem  consistent  with  the  hy- 
pothesis of  central  heat ;  but  there  is  an  apparent  objection  which 
demands  some  notice.  It  might  be  imagined  that  the  intense  heat  of 
the  nucleus  of  the  earth  is  incompatible  with  the  present  temperature 
of  its  surface.  But  it  has  been  demonstrated  from  mathematical  in- 
vestigation of  the  laws  which  regulate  the  propagation  of  heat,  that 
there  may  exist,  not  merely  at  the  centre  of  the  earth,  but  even  at 
comparatively  small  depths  below  the  surface,  a  temperature  sufficient 
to  fuse  the  most  refiractory  substances  with  which  we  are  acquainted  .t 


•  Foreign  Review,  vol.  vUi.  pp.  su,  319 1  Pooillet  Ellens  de  Ftays.  Ex.  et 
de  M^teorologie,  torn.  iL  pp.  6fi8— <Mte,  0(HWOO;  Berzelins's  Annual  Report 
to  the  Academy  of  Sciences  at  Stockholm  for  18S9;  Edinb.  Joum.  of  Science^ 
vol.  iii..  New  Series. 

t  *'  Tbe  following  are  the  most  remarfcaUe  deductions  made  by  Fourier  from 
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The  admission  of  an  original  state  of  igneons  fusion  of  Ihe  iiai»- 
rials  composing  the  terrestrial  glohe,  their  gradual  cooling  from  the 
surface  towards  the  interior,  and  the  existence  during  a  very  pio> 
traded  period  of  a  central  nucleus  still  intensely  heated,  may  be 
granted  as  probable— not  only  as  being  supported  by  the  evidence  de- 
rived from  the  researches  concerning  the  temperature  of  mines.  springSf 
and  waters  in  general,  in  various  parts  of  the  world,  of  which  boob 
account  has  been  given — but  also  because  it  will  account  for  the 
structure  and  figure  of  the  earth,  as  being  a  spheroid  of  revolutioB« 
constituting  a  mass  of  matter,  the  density  of  which  increases  towards 
the  centre.  To  the  same  cause  may  be  attributed  the  existence  of 
volcanos  widely  distributed  over  the  globe,  and  manifesting  a  commoo 
and  deeply-seated  origin;  and  the  occurrence  of  thermal  springs 
having  their  sources  hr  beneath  the  surface,  and  sometimes  appearing 
at  a  distance  from  the  craters  of  volcanos,  though  probably  in  geoenl 
more  or  less  connected  with  them  in  the  boweU  of  the  earth.  To  the 
evidence  for  the  existence  of  central  heat  derived  from  these  coasi* 
derations,  may  be  added  the  proofs,  that  in  the  temperate  and  frigid 
lones  of  the  earth  a  temperature  prevailed,  at  a  very  remote  period. 
equal  if  not  superior  to  the  utmost  heat  of  the  torrid  aone  at  preseot; 
and  such  as  was  adapted  to  call  into  existence  a  profusion  of  organic 
beings,  both  in  the  animal  and  vegetable  kingdoms,  on  a  moat  gigantic 
■cale. 

"  As  there  is  great  difficulty  of  conceiving  any  other  than  the  igneotf 
fluidity  of  our  planet  previous  to  the  consolidaidon  of  its  surface,  ind 
as  fluidity  seems  essential  to  the  figure  of  the  earth,  it  has  been  so^* 

tiie  analytical  inve8lig:ation  qf  the  hypothesis  of  an  internal  heat.  SivpoeiBC 
the  conductiog  power  of  the  materials  of  the  earth,  to  equal  that  ot  iron,  ui 
that  the  temperature  increases  by  l-SOth  of  a  centesimal  degree  fu'  era? 
metre  <rf  vertical  descent  (about  l-l8th  of  a  dep^e  of  Fahrenheit  for  ere? 
yard),  which  is  the  rate  indicated  by  observation,  the  eaormoaa  heat  aecoa*- 
lated  in  the  interior  would  cause  an  augmentation  of  temperature  at  the  m- 
face,  amounting  only  to  a  quarter  of  a  degree  above  that  which  is  due  to  ^ 
heating  effects  of  the  sun.  This  small  addition  to  the  efltects  of  solar  best  it 
In  proportion  to  the  conducting  powers  oi  the  envelope,  all  other  dre«a* 
stances  remaining  the  same ;  consequentty  as  the  conductibility  of  tiie  sops* 
flcial  materials  of  the  earth  is  considerably  less  than  that  of  iron,  the  anginiert' 
ation  of  temperature  Just  mentioned  is  estimated  too  high,  and  probably  dM* 
not  exceed  1-SOth  of  a  centesimal  degree.  Hence  the  effects  of  a  centialkcit 
are  altogether  insensible  at  the  sarlisoe.'*-.Fbrei|fi»  Retfiew,  n.  a.  p.  SIS. 
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gested  that  tbe  earliest  transition  from  a  liquid  to  a  solid  state,  conse- 
quent on  tbe  radiation  of  heat,  would  take  place  at  the  equator,  and 
that  masses  of  tbe  solidified  crust  would  float  upon  the  incandescent 
fluid  beneath.*  The  fluid  mass  would  necessarily  be  influenced  by 
tides :  therefore  so  long  as  the  solidified  crust  was  too  thin  to  resist 
the  effects  of  this  cause,  it  would  be  broken  up  into  fragments,  tbe 
precursors  of  those  of  which  the  solid  surface  of  our  globe^is  every 
where  composed.  It  may  surprise  many  of  our  readers,  but  it  is 
nevertheless  true,  that  when  the  surface  of  England  is  minutely  exa- 
mined, we  find  there  is  scarcely  any  area  of  eight  or  ten  square  miles 
in  extent  which  has  not  been  fractured  or  broken  up  into  minor  por- 
tions, by  causes  that  have  acted  at  various  geological  epochs.  What 
is  thus  true  of  England  is  found  to  be  also  genenuly  true  of  the  whole 
surface  of  our  continents  and  islands,  when  examined  with  the  neces* 
sary  attention.  Sometimes  a  more  modem  deposit  may  mask  the  sur- 
face broken  into  fragments,  tbe  former  not  having  been  yet  acted  on 
by  disrupting  forces ;  but  when  rocks,  on  which  such  deposits  rest, 
are  exposed  by  deoudation  of  any  kind,  either  in  ravines,  or  over  a 
certain  extent  of  horizontal  area,  they  will  be  found  fractured.  There 
must  have  been  inequalities  in  the  earth's  surface  from  its  earliest 
consolidation.  The  radiation  of  heat,  and  tbe  necessity  of  the  exte- 
rior solid  crust  conforming  to  the  fluid  surface  beneath,  could  not  have 
done  otherwise  than  produce  them.  Hence  M.  Elie  de  Beaumont's 
theory  of  the  elevation  of  mountain  chains,  which  rests  on  the  neces- 
sity of  the  earth's  crust  continually  diminishing  its  capacity,  notwith- 
standing the  nearly  rigorous  constancy  of  its  temperature,  in  order 
that  it  ibonld  not  cease  to  embrace  its  internal  mass  exactly,  the  tem- 
perature of  which  diminishes  sensibly,  while  the  refrigeration  of  the 
surface  is  now  nearly  insensible." t 

IKFLUENCB  Or   BXISTINO   CAUSES   ON   THB   STRUCTURE  AND   CONFORMA- 
TION  or  THB  SURFACB  OF  TBR   EARTH. 

The  terrestrial  globe,  the  general  dimensions  of  which  have  been 
already  stated,  is  composed  of  various  kinds  of  matter  subsisting  in  the 

*  Croizet  et  Jobeit  Becberches  sor  lea  Ossemens  Fossiles  de  Dep.  dn  Pny- 
«le-D6me.    1898. 

t  De  la  Bedie's  OeologMtl  Researches,  chap.  Ui.  pp.  40, 40. 
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■olid  or  fluid  state,  and  enoompaBsed  hy  an  atmoapbere  of  elastic  or 
gaseous  fluids,  of  uncertain  extent,  but  gradually  decreasing  in  deosit; 
as  it  recedes  from  tbe  earth's  surface.  The  superficial  distribution  <h 
land  and  water  is  extremely  irregular,  and  the  area  covered  by  the 
latter  far  exceeds  the  space  occupied  by  the  former,  which  probsUj 
does  not  amount  to  more  than  a  fourth  part  of  the  entire  surface.  A 
larger  portion  of  dry  land  is  found  in  the  northern  hemisphere  than  in 
tbe  southern,  that  part  of  the  globe  which  is  to  the  south  of  tbe 
equator,  being  chiefly  covered  by  the  sea,  while  to  the  north  of  the  line 
tea  and  land  are  more  equally  custributed. 

The  surface  of  the  earth  exhibits  abundance  of  obvioas  irregiil«ri« 
ties,  or  elevations  and  depressioos,  the  land  risiog  into  mountains  in 
Bome  places,  and  sinking  in  others  into  glens  and  valleys ;  and  in  the 
parts  uuder  the  sea  aimilar  inequalities  of  level  are  found  to  exitf. 
But  though  this  diversity  of  configuration  appears  sufficiently  strilmg 
when  viewed  in  detail,  yet  a  little  consideration  will  evince  that  these 
irr^^larities  are  quite  unimportant  when  estimated  with  reference  to 
the  magnitude  of  the  terrestrial  spheroid.  The  loftiest  peaks  in  tbe 
world  are  supposed  to  be  those  of  Dwalagiri  and  Chandradabaui,  io 
the  Himalaya  range  of  mountains  north  of  Hindostan,  said  to  be  abost 
five  miles  above  the  level  of  the  sea ;  and  on  the  opposite  suriace  ef 
the  gbbe  are  the  summits  of  Chimborazo,  Iliimani,  and  Sorata,  in  tbe 
ridge  of  the  Andes,  the  height  of  which  is  probably  somewhat  more 
than  four  miles  above  the  sea.  The  depth  of  the  ocean  beneath  'Us 
common  level,  it  is  manifest,  can  only  be  calculated  coniectnrally,  be- 
yond those  points  which  can  be  fathomed  with  the  sounaing  line;  but 
from  calctilations  founded  on  astronomical  data,  Laplace  infisrred  ditf 
its  mean  depth  was  a  small  fraction  of  !f5  miles,  the  difference  in  tbe 
diameters  of  the  earth,  owing  to  the  compression  or  flattening  at  the 
poles.*  It  has  been  variously  estimated  at  between  two  and  three  mites: 

*  "  On  a  regard^  long-temps  la  profondenr  de  la  mer  comme  incalcotaUc. 
on  la  disait  immense.  II  est  vrai  qae  par  lapport  k  nous  elle  est  trte-gna** 
qa'elle  est  incommensurable  mecaniquement  par  nos  i^pareils  les  plus  v"' 
fectionn^,  et  quoique  Petendue  des  r^ons  marines  dont  on  n'a  pu  tnmvcr  it 
fond  soit  tris-vaste,  on  ne  doit  pas  en  condure  que  ce  fond  n'existe  poinL 
L'astronomie  moderne,  aid^e  des  grandes  loia  de  la  gravitation  univenHk' 
noos  a  devoUe  ce  myst^re,  etM.de  Laplace  a  demontr^,  par  I'influenco  qoe  to 
lone  et  le  soleil  exercent  sur  notre  planfete,  que  la  profondeor  moycnne  de  ^ 
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and  it  may  be  reaaonablj  concladed  that  the  bottoms  of  the  lowest 
submarine  valleys,  or  cavities  in  the  bed  of  the  ocean,  do  not  reach 
farther  beneath  its  surface  than  the  summits  of  the  loftiest  mountains 
extend  above  that  level.  If,  then,  five  miles  be  assumed  as  the  height 
of  the  most  exalted  protuberances,  and  also  as  the  depth  of  lowest 
depressions  on  the  solid  surface  of  the  earth,  the  utmost  inequalities 
of  level  cannot  exceed  ten  miles,  which  will  be  little  more  than  J^o 
part  of  the  diameter  of  the  globe.  But  theses  covering  so  large  a  portion 
of  the  exterior  of  the  earth,  causes  the  whole  mass  to  assume  the  form 
of  a  nearly  perfect  spheroid,  irregularly  dotted  with  relatively  minute 
points,  the  most  considerable  of  which  protrudes  about  jmo  of  the 
earth's  diameter  above  the  common  level  of  its  surface.  Hence  oor 
planet  viewed  from  the  moon  must,  like  that  satellite,  exhibit  a  circular 
outline.  The  uneven  figure  of  the  earth's  surface  has  been  compared 
to  the  little  risings  and  indentations  on  the  rind  of  an  orange,  but  with 
reference  to  the  diameters  of  the  two  bodies,  the  irregularities  of  the 
latter  exceed  those  of  the  former  beyond  all  proportion ;  for  if  the 
mountains  and  valleys  of  the  earth  were  modelled  according  to  the 
exact  ratios  of  their  respective  heights  and  depths,  on  the  snrface  of 
an  artificial  globe  one  foot  in  diameter,  they  would  be  hardly,  if  at  all, 
perceptible. 

The  surface  of  the  earth  both  above  and  beneath  the  level  of  the  sea 
presents  a  considerable  variety  of  conformation  and  arrangement. 
The  higher  parts  of  the  land  consist  of  rocks  and  mountains,  diiq)oeed 
in  ridges,  like  the  Alps,  the  Pyrenees,  and  the  Andes,  or  in  detached 
peaks  and  headlands,  as  the  Peak  of  Teneriffe,  and  the  Table  Moun- 
tain at  the  Cape  of  Good  Hope.  Low  lands  may  form  extensive 
plains,  or  wide  sandy  deserts,  and  marshy  tracts,  or  lines  of  coast  de» 
scending  to  the  level  of  the  sea.  Ravines,  hollows,  and  valleys,  may 
occur  at  various  heights,  rivers  sometimes  flowing  through  them  to 
their  termination  in  lakes  and  seas.  As  to  the  form  of  the  solid  sur- 
face covered  with  water,  some  interesting  circumstances  have  been 
observed.    There  can  be  no  doubt  but  the  bed  of  the  ocean  varies  in 


met  ne  pouvait  d^passer  8000  mitres  (environ  4000  tolses).  Alnsilesplos 
liatateB  montagnes  s'elivent  aadessus  de  la  surface  des  eaox,  k  la  meme  dis- 
tance que  lea  abtmes  de  rocean  B'eufoncent  daos  rintMeur  de  la  terre."— 
HimnU  d^un  Oours  BkhnenUiif  de  Giographie  Physique,  par  J,  V.  F,  La- 
mouroux,  D.E.S.,  Prof,  d*HUt,  Nat,  A  Caen,  18S1, 8vo,  p.  l60. 
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level  in  some  measure  like  the  dry  land.  The  numeroas  islands  sett* 
tered  through  the  deep  are  obviously  the  higher  parts  of  subnAriae 
eminences,  those  portions  of  which  that  are  under  water  sometimei 
forming  sloping  banks,  and  sometimes  abrupt  and  perpendicular  pi^* 
eipices.  The  declivities,  however,  except  around  coral  islands,  ire 
not,  probably,  in  general  very  steep.  "  The  soundings  round  coasts," 
B9JB  Mr.  De  la  Beche,  "  present  us  with  no  lines  which  we  migbt 
consider  to  be  those  of  valleys,  but  with  extensive  areas,  which  woold, 
if  raised  above  the  level  of  the  sea,  form  great  plains,  with  here  and 
there  some  minor  elevations  and  deeper  depressions,  the  latter  gene- 
rally  in  the  form  of  basins.  There  are  indeed  some  long  trough-lib 
cavities  in  the  North  Seas,  named  the  Silver  Pits,  but  they  present « 
with  nothing  like  a  system  of  valleys  resembling  those  on  dry  land. 
If  the  British  Islands  were  elevated  one  hundred  fathoms  above  the 
level  of  the  ocean,  and  thus  joiiied  to  the  continent  of  £urope,  dwf 
would  be  surrounded  by  an  extensive  area  of  flat  land ;  for  tiie  ftii 
from  the  [present]  coasts  to  the  new  sea-coast  would  be  generally  s> 
gradual  as  to  present  to  the  eye  one  great  plain.''*  The  areatlai 
described,  in  which  the  sea  is  in  general  about  one  hundred  fa^ons 
in  depth,  is  bounded  on  the  west  and  north-west  by  a  line  incladiaf 
the  British  islands,  and  passing  round  them  from  the  coast  of  Fraae* 
to  that  of  Norway ;  and  terminating  towards  the  open  sea  by  a  slopes 
sinking  in  a  comparatively  rapid  manner  into  deep  water. 

It  is  a  curious  fact,  that  there  are  continental  portions  of  the  eartb's 
surface  considerably  below  the  common  level  of  the  ocean.  lAU* 
Parrot  and  Engelbart  appear  to  have  made  the  discovery,  tiiat  lb 
Caspian  Sea  and  Lake  Aral  are  beneath  the  level  of  the  Mediten** 
nean  ;  and  M.  de  Humboldt  ascertained  that  this  depression  extends  s 
an  extensive  territory,  about  18,000  square  leagues  in  surface.  Tkis 
tract  forms  an  immense  basin,  the  lowest  part  of  which  is  occupied  hr 
the  Caspian  Sea.  The  surface  of  that  sea  is  3S4  feet  beneath  the  W 
of  the  Mediterranean,  3^0  feet  below  the  level  of  the  Black  Sea,  and  tb: 
of  Lake  Aral  203  feet ;  the  latter,  as  appears  from  the  recent  measuR* 
ment  of  Captains  Duhamel  and  Anjou,  being  117  feet  aboTe  the  \t^ 
of  the  Caspian.! 

•  Geolog.  Researches,  pp.  189,  190. 

t  Humboldt  Fragmens  de  Geologic  et  CUmatologie  Asiatiqiies,  tam.  iPP-^ 

1,1,  ISO. 
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As  there  is  abandaDt  evidence  that  thoee  parts  of  the  earth  consti- 
tating  the  present  continents  and  islands  have  been  at  some  period  or 
other  covered  by  water,  so  it  may  be  concluded  that  much  ot  the  bed 
of  the  sea  was  once  dry  land ;  and  indeed  large  tracts  have  been  sub- 
merged within  the  period  of  historical  record.  M.  De  la  fieche  re- 
marks, that  "  dry  land  can  only  be  considered  as  so  much  of  the 
rough  surface  of  our  globe  as  may  happen,  for  the  time,  to  be  above 
the  level  of  the  waters,  beneath  which  it  may  again  disappear,  as  it 
has  done  at  previous  different  periods/'* 


General  View  cfthe  Presefit  State  of  the  Surface  of  the  Earth. 

The  exterior  of  the  earth  not  only  exhibits  numerous  variations  of 
level,  but  it  likewise  shows  a  diversity  of  structure  and  composition. 
Independent  of  the  superficial  covering  formed  from  the  mixture  of 
decayed  animal  and  vegetable  bodies  with  sand,  clay,  and  other  mate- 
rials, arising  from  the  disintegration  of  stones  aud  rocks,  and  serving 
as  a  nidus  for  the  production  and  support  of  a  continual  succession  of 
plants  of  every  kind,  from  mosses,  fungi,  and  grasses,  to  the  noblest 
trees  of  the  forest,  there  are  many  peculiar  stratified  or  massive  forma- 
tions,! sometimes  extending  over  vast  tracts  of  country,  and  some- 

*  Geolog.  Manual.,  p.  9. 

t  "  In  geogrnosy  the  word  formation  either  denotes  the  manner  in  which  a 

rock  has  been  produced,  or  it  designates  an  assemblage  of  mineral  masses  so 

intimatelff  connected ^  that  it  is  supposed  thejf  toereformted  at  the  same  epoch, 

and  that  they  vresent  in  the  most  distant  parts  of  the  earth  the  same  general 

relations,  both  of  composition  and  of  situation  with  respect  to  each  other. 

Tflos  the  formation  of  obsidian  and  basalt  is  attributed  to  subterranean  fires ; 

and  it  is  also  said  that  the  formation  of  transition  day^slate  contains  Lydian 

ttone,  chiastolite,  ampelite,  and  alternating  beds  of  black  limestone  and  of 

porphyry.    The  first  acceptation  of  the  word  is  the  most  conformable  to  the 

genius  of  the  French  language  j  bat  it  relates  to  the  origin  of  things,  and  to 

an  uncertain  science  founded  on  geogonic  hypotheses.    The  second  aocepta. 

tioD,  now  generally  received  by  the  Ftench  mineralogists,  has  been  borrowed 

flrom  the  celebrated  school  of  Werner,  and  indicates,  not  what  is  supposed  to 

have  been,  but  what  now  exists.    In  the  geognoetic  description  <rf  the  globe, 

•we  may  distinguish  different  modes  of  grouping  mineral  substances  as  we 

ascend  to  more  general  ideas.    Rocks  which  alternate  with  each  other,  which 

are  found  usually  together,  and  which  display  the  same  relaUons  of  position, 

Y 
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times  interrapted,  mixed,  and  modified,  producing  new  oombinatioDs, 
and  by  their  Tarioiui  arrangements  composing  the  solid  crust  of  the 
earth,  commonly  more  or  leas  covered  and  concealed  by  vegetable 
mould  and  yeraure,  but  occasionally  by  barren  sands  or  clay,  or  tp- 
pearing  in  the  form  of  rogged,  naked,  or  snow-clad  rocks  and  moon- 
tains.  These  formations,  consisting  respectiyely  of  series  of  rocks  io 
a  certain  order  of  superposition,  haye  been  arranged  hj  g^logiste  in 
groups,  distinguished  with  reference  to  the  supposed  tmie  or  mode  of 
their  production :  thus  some  are  designated  ss  primary,  secondaiy,  and 
tertiary ;  and  some  as  sedimentary  or  yolcanic.  From  examination  of 
the  surface  of  the  earth,  it  appears  that  the  strata  or  masses  of  rocks 
composing  formations  and  groups  have  suffered  numerous  dislocatioos 
and  interruptions,  indicating  local  and  general  disturbances,  the  inves- 
tigation of  the  nature  and  causes  of  which  may  adyantageously  pre- 
cede more  full  and  particular  descriptions  ox  the  several  groups, 
formations,  and  rocks,  of  which  the  crust  or  exterior  portion  of  tbe 
terrestrial  globe  is  composed. 

Whatever  may  have  been  the  cause  of  the  original  fonnation  of  tbr 
oldest  rocks,  whether  with  the.Wemerians  we  ascribe  them  to  aqueous 
solution  and  crystallization,  or  with  the  Huttonians  to  igneous  fusioD. 
their  production  necessarily  infers  a  concurrence  of  circumstances  n^ 
longer  existing.  The  case  is  different  with  respect  to  ttie  superiK 
strata  composed  of  the  ruins  of  the  older  rocks,  and  which,  firom  tbsc 
containing  imbedded  both  animal  and  yegetable  remains,  must  o!^ 
viously  have  been  formed  at  periods  subsequent  to  the  origin  <* 
organized  beings.  Therefore  as  the  structure  and  arrangement  of  sncl 
rocks  may  be  supposed  to  have  been  influenced  by  causes  having  son 
analogy  with  the  existing  order  of  things,  an  inquiry  into  the  natnn 
and  extent  of  the  changes  now  going  on  upon  the  earth's  surface  mi^ 
be  expected  to  throw  some  light  on  the  geognostic  histoxy  of  tixKt 
formations,  which  took  place  long  before  the  human  species  was  call<«l 
into  existence. 


constitate  the  aamefifrmation :  the  union  of  several  formatioDs  coottitvui ' 
a  geological  series  or  group  (terrain) ;  but  the  teams,  roclu,  formatiow.  n' 
terrains  f  are  used  as  synoovmoas  in  many  works  on  rrTTirnnnj  **    Jfuwltr'^  ' 
Geognoatieal  Essaji  mi  the  Superp9siiUm  er  Boekt,  translated  fkom  the  VVcw^  i 
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Influence  of  Air,  Water,  and  Volcanic  Fire^  on  the  Surf  ate  of  the  Earth. 

Many  of  the  changes  that  are  effeeted  on  the  superficial  portion  of 
the  glohe,  are  either  directly  or  indirectly  owing  to  the  operations  of 
man :  the  cutting  down  of  woods  and  forests,  draining  lakes  and 
marshes,  recovering  tracts  of  lands  by  embankment  from  the  seajevel- 
ing,  mining,  digging  canals,  oanstmcting  roads  and  causeways,  with 
various  other  works  that  result  from  human  skill  and  industry,  con*' 
tribute  more  or  less  to  produce  alterations  on  the  hce  of  the  earth ;  but 
their  agency  is  either  remote  and  contingent,  or  comparatively  insig- 
nificant, and  therefore  need  not  be  particularly  investigated.  It  is  of 
more  importance  to  consider  the  influence  of  the  elements  displayed 
on  a  far  more  extensile  scale  with  regard  either  to  time  or  space,  and 
producing  correspondent  effects.  Air,  water,  heat,  and  perhaps  elec- 
tricity, sometimes  acting  slowly  and  gradually  through  long  periods, 
may  modify  or  change  the  form  and  constitution  of  substances  com- 
posing the  solid  crust  of  the  earth ;  and  on  other  occasions  display 
overpowering  force  and  violence,  giving  rise  to  storms  and  hurricanes, 
tides,  currents,  torrents  and  deluges,  earthquakes  and  volcanos,  spread- 
ing desolation  and  ruin  over  wide  tracts  of  land,  breaking  up  and  dis- 
placing existing  strata,  or  covering  them  with  beds  of  new  matter, 
replacing  valleys  by  mountains,  or  mountains  by  valleys,  and  thus 
prtxiucing  strange  metamorphoses  in  the  appearance  ot  those  eoun- 
tries  over  which  their  influence  extends.  These  powers  of  nature, 
however,  are  not  solely  active  in  works  of  destruction,  their  agency 
sometimes  being  productive  of  new  formations.  Air  and  heat  may 
occasionally  operate  in  this  way,  but  the  formative  effects  of  water  are 
more  obvious  and  extensive.  Rivers  deposit  sands,  detrital  matter 
and  silt,  filling  up  lakes,  and  constituting  deltas  on  the  margin  of  the 
sea,  or  shoals,  sandbanks,  and  islands,  rising  amidst  its  waves;  lapi- 
deseent  springs  yield  deposits  of  siliceous  earth,  tufa,  travertin,  and 
sUlsctitio  limestone ;  and  the  water  of  the  sea  in  some  manner  ikcili- 
tates  the  operations  of  the  little  animals  employed  in  building  coral 
reefs  and  islands. 

The  influence  of  the  atmosphere  in  modifying  the  surfi^e  of  the 
earth,  whether  destructive  or  formative,  may  depend  either  on  the 
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chemical  or  the  mechanical  properties  of  the  aerial  fluids  of  which  it 
is  composed.  Air  must  be  a  powerful  chemical  agent,  in  consequence 
of  its  containing  oxygen  and  carbonic  acid.  The  action  of  oxygen 
may  cause  the  disintegration  of  rocks  in  which  metals  and  meti^e 
sulphurets  are  included ;  and,  by  its  universal  afllnity  for  other  bodies, 
it  may  give  rise  to  numerous  decompositions  and  combinations,  tbe 
modifying  effects  of  which  must  be  alike  extensive  and  important. 

Carbonic  acid,  which  is  constantly  present  in  the  atmosphere  in  t 
relatively  small  proportion,  occurs  abundantly  in  certain  sitnations, 
being  given  off  from  the  surface  of  springs,  or  issuing  from  fissures  in 
the  earth.  It  is  chiefly  evolved  in  coal-pits  and  in  volcanic  districts. 
Among  the  most  noted  natural  laboratories  of  carbonic  acid  is  the 
Grotto  del  Cane,  near  Naples,  the  phenomena  of  which  have  often 
been  described ;  and  many  others  occur  in  different  parts  of  the  woM. 
This  gas  is  disengaged  in  vast  quantities  from  every  part  of  tlie 
Limagne  d'Auvergne,  in  France,  where  it  appears  to  have  been  pro- 
duced in  equal  abundance  from  time  immemorial.  This  elastic  fliud 
being  invisible,  it  is  only  observed  in  consequence  of  its  effects,  ss 
when  an  excavation  is  made,  in  which  it  accumulates,  and  a  lighted 
candle  or  other  burning  body  introduced  into  it  becomes  extinguished. 
There  are  some  springs  in  this  district,  where  the  water  is  seen  bab- 
bling and  boiling  from  the  copious  disengagement  of  this  gas.  It  his 
an  obvious  effect  on  the  vegetation,  many  trees,  as  the  walnut, 
flourishing  more  luxuriantly  than,  they  would  otherwise  do  in  the  sane 
soil  and  cmnate,  probably  owing  to  the  rapid  absorption  or  decompo' 
sition  of  carbonic  acid.  This  gas  is  found  in  springs  issuing  frc« 
g^nite  near  Clermont,  as  well  as  from  the  tertiary  limestones  of  tb** 
Limagne.*  In  the  environs  of  Font-Gibaud,  not  &r  from  ClermoDl 
a  rock  belonging  to  the  gneiss  formation,  in  which  there  are  }ead- 
mines,  has  been  found  quite  saturated  with  carbonic  acid,  which  is  coo* 
tioually  given  off  in  the  gaseous  form.  The  carbonates  of  iron,  lint^- 
and  manganese,  are  so  dissolved,  that  the  rock  is  rendered  soft,  u^ 
the  quartz  alone  remains  unattacked.f  Dolomieu  notices  the  freqaetf 
evolution  of  carbonic  acid  in  the  vicinity  of  Mount  Etna,  and  espe* 

*  Lc  Coq  Annates  de  PAavergne,  tom.  I.  p.  217.    May,  18S8. 
t  Lyell'B  Prin.  of  Geol.,  vol.  i.  p.  317,  from  Ann.  d'Auvergne,  June,  isaf- 
See  also  G.  Poulett  Scrope»8  Memoir  on  tbe  Geologry  of  Central  Fkance* 
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eialfy  Deer  Paterno.  *'  An  immense  quantity  is  disengaged  from  the 
surface  of  a  cold  spring  called  Acqua  Rossa,  to  the  water  of  which  it 
communicates  a  powertuUy  acid  taste,  and  gives  it  the  appearance  of 
ebullition.  This  gas  seems  to  be  pure  carbonic  acid,  proving  sud- 
denly fatal  to  animals  that  respire  it,  many  being  tempted  by  the  fresh- 
aesB  and  limpidity  of  the  water,  shaded  by  bushes  ana  reeds,  to 
<]U0nch  their  thirst.  Hares  and  birds  are  often  found  dead  on  the 
banks  of  this  spring."*  Similar  effects  are  stated  by  MM.  Bischof 
and  Noggerath  to  be  produced  by  the  exhalation  of  carbonic  acid  from 
the  vicinity  of  the  lake  of  Laach,  the  quantity  of  which  has  been  esti- 
mated at  600,000  pounds  a  day.  In  the  Brohlthul,  on  the  Rhine,  an 
old  Tolcanic  country,  there  is  a  considerable  evolution  of  carbonic  acid 
gas,  which  is  employed  by  M.  Bischof  in  the  manufacture  of  chemical 
preparatioDs  on  a  large  scale.f  Near  Fort  Diadine,  on  the  Euphrates, 
m  Armenia,  are  mineral  springs,  impregnated  with  carbonic  acid  and 
flulphuretted  hydrogen,  two  of  which  are  remarkable  for  the  deposi- 
tion of  large  quantities  of  carbonate  of  lime.  In  the  environs  of  these 
two  springs  the  limestone  contains  much  native  sulphur,  which  for  a 
long  time  was  collected ;  but,  the  carbonic  acid  arising  having  'snffo- 
csied  many  of  the  workmen,  the  undertaking  was  abandoned.  The 
acid  gas  issues  in  this  place  from  the  bowels  of  the  earth  in  such  great 
qaautities  as  to  fill  the  caverns  and  neglected  excavations,  forming 
numerous  strata  of  livid  vapours.  It  is  sometimes  evolved  with  so 
much  rapidity  through  the  clefts  as  to  produce  a  strong  current  aud  a 
luBsing  noise.  Small  birds  seeking  refuge  in  these  caverns,  or  coming 
near  the  fissures,  are  suddenly  stifled.t 

Bat  perhaps  the  most  extraordinary  phenomenon  of  this  kind  in  the 
world  is  the  Guevo  Upas,  or  Valley  of  Poison,  in  the  Island  of  Java; 
the  deadly  effects  of  which  contributed  in  no  small  degree  to  give 
corrency  to  the  fabulous  reports  of  the  existence  of  a  wonderful  tree 
called  the  Bohun  Upas,  so  fancifully  described  by  Dr.  Dazjwin,  in  his 
"  Botanic  Garden.  The  district  m  which  this  valley  is  situated  was 
viaited  by  Mr.  A.  Loudon,  who  states  that  it  is  three  miles  from 

*  M^olre  BUT  lea  Ides  Ponces }  et  Catalogue  Ralsonn^  de  Produits  de 
r£tna.    Pariii,  1788.    p.  S(U. 

t  I>e  la  Beehe'8  Oeol.  Man.,  pp.  IM,  Y65. 
*    t  Bou<  Mtoioircs  Gfologiques  et  Paleontologiques.    18SS.    to*»  <"t^  9fii 
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Balor,  on  the  road  to  the  Djjung.  He  describee  it  as  aboat  half  a  ttiile  in 
circumference,  of  an  oval  form,  from  30  to  35  feet  in  depth,  and  qnito 
flat  at  the  bottom ;  destitute  of  vegetation,  being  cohered  with  skele- 
tons of  human  beings,  tigers,  hogs,  deer,  peacodts,  and  ▼aricms  sorts 
of  birds,  which  hare  perished  by  entering  into  the  atmosphere  of  ca^ 
bonic  acid,  with  which  the  lower  part  of  the  valley  ia  filled.  There 
were  no  visible  openings  in  the  ground  at  the  bottom,  whiob  appeired 
to  be  of  a  hard  sandy  substance.  The  sides  of  the  valley  are  covered 
with  trees  and  shrubs ;  and  it  may  be  concluded  that  the  gas  does  not 
rise  above  18  feet  from  the  bottom,  as  Mr.  L.  and  others  with  faim 
descended  to  that  depth,  where  they  experienced  uo  difficulty  ct 
breathing  or  inconvenience,  except  that  which  arose  from  the  offeosin 
odour  of  the  putrefying  bodies  below  *  No  smell  of  sulphiir,  ov  traces 
of  volcanic  matter  were  observed ;  but  there  can  be  no  doubt  but  die 
production  of  carbonic  acid  in  this  situation  is  connected  with  vol- 
canic  influence,  which  extends  throughout  Java,  and  many  of  tlie 
neighbouring  islands. 

The  effect  of  carbonic  acid,  as  a  chemical  agent,  both  as  commonlT 
present  in  atmospheric  air,  and  as  more  abundantly  occurring'  in  siicb 
localities  as  thoto  above  described,  must  depend  on  the  nature  of  ^ 
rocks  and  other  bodies  with  which  it  may  come  into  contact.  It  mtr 
thus  cause  the  decomposition  of  granite,  gneiss,  and  other  feldqistliK 
and  micaceous  substances,  by  combining  with  the  potash,  soda,  or 
lithia,  which  enter  into  their  constitution.  On  the  contrary,  when  it 
encounters  lime  or  magnesia,  it  may  contribute  to  the  prodvetion  of 
new  rocks.  "  The  disintegration  of  granite  is  a  striking  featore  of 
large  districts  in  Auvergne,  especially  in  the  neighbourhood  of  Cle^ 
mont.  This  decay  was  called  by  Dolomieu,  *  la  miladie  dn  granite ;' 
and  the  rook  may  with  propriety  be  said  to  have  the  rot,  for  ii 
crumbles  to  pieces  in  the  hand.  The  phenomenon  may  without  doubt 
be  ascribed  to  the  continual  disengagement  of  carbonic  acid  g^  hm 
numerous  fissures."*!* 

The  chemical  action  of  carbonic  acid,  as  it  exists  in  the  usual  sttft 
of  the  atmosphere  near  the  earth's  surface,  though  much  more  grsdaal. 
aud  therefore  less  noticed  thou  where  it  is  copiously  evolved  from  tbt 

*  Journal  of  Geographical  Society,  vol.  ii. 
t  IfycU*8  Prin.  of  Geol.,  vol.  i.  p.  S17. 
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water  or  soil,  as  in  volcanio  countries,  is  yet  sufficiently  powerful  to 
produce  a  manifest  effect  on  the  structure  of  large  masses  of  granite 
and  rocks  of  analogous  oompositicm.    In  the  western  parts  of  this 
island,  where  primitiye  fonnatiens  prevail,  granite  masses  not  unfre- 
quently  occur,  which  from  their  peculiar  forms  received  the  Celto- 
cymrtc  appellations  of  Logan,  Tohnen,  and  Kiatraens ;  and  were  by 
Dr.  Borlase  and  other  antiquaries  long  regarded  as  works  of  art  of 
Druidical  origin ;  but  these  rocking-stones,  rock>basins,  cheese*ring^, 
and  altars,  are  now  generally  admitted  to  be  blocks  of  granite,  which 
hare  acquired  their  respective  forms  in  consequence  of  superficial  de- 
composition or  disintegration.    The  manner  in  which  this  takes  place 
may  be  illustrated  by  Uie  following  figure  of  a  group  of  such  decaying 
rocks,  forming  a  part  of  Great  Staple  Tor,  on  Dartmoor,  in  Devon- 
shire, seen  from  the  south-west.* 


Mr.  De  la  Beche  remarks,  that  it  is  "  more  tike  the  remains  of  some 
huge  building  or  battlement,  than  the  effect  of  cleavage  and  decompo- 
sition, which  it  is.**  Granite  is  not  generaUy  regarded  as  a  stratified  rock, 
like  gneiss  and  mica  slate ;  but  it  is  a  fact  well  known  to  the  workmen 
who  are  employed  in  quarrying  and  cutting  it,  that  it  has  what  they 
term  a  grain,  or  that  it  will  split  in  one  or  two  directions  more  easily 
than  in  others.!  This  doubtless  is  owing  to  the  arrangement  of  the 
mineral  bodies  of  which  it  is  composed,  and  especially  the  feldspar, 
the  decomposition  of  which  must  essentially  aid  the  process  of  disin- 

*  From  De  laBeche's  QeOlofleal  Researches. 

t  I>r.  Boase,  who,  ftom  analogy  of  ■trnctore  between  granitic  and  schistose 
Todk*  infers  tJietr  common  origfii,  has  adduced  snAeieiit  evidence  of  an  ap> 
prottch  to  8trattflca4on  in  fhe  former'  See  his  Treatise  on  Primary  Geology. 
S894.  cb.  vi. 


328  OEOLOGY. 

tegratioD,  and  detonnine  in  a  great  ddgpree  tfad  direction  in  which  it 
takes  place. 

There  are  other  gases  which  are  copiously  evolved  in  some  sitm- 
tions,  and  particularly  in  the  vicinity  of  volcanos.  Dolomieu  statsi, 
that  he  ascertained  the  presence  of  sulphurous  acid,  muriade  tcid, 
hepatic  gas  or  sulphuretted  hydrogen,  phlogisticated  or  nitrogen  gu. 
and  inflammable  air  or  hydrogen,  as  well  as  carbonic  acid,  in  Uie  ei^ 
lations  from  the  surface  around  Mount  £tna;*  and  other  obserraa 
have  noticed  the  occurrence  of  chlorine  gas.  But  the  most  abundut 
of  the  spontaneously  produced  gases,  next  to  carbonic  acid,  pnMly 
is  carburetted  hydrogen,  well  known  as  an  agent  of  destmctira  in 
coal-mines.  It  is  likewise  sometimes  emitted  from  the  surface  of  the 
soil,  or  of  springs  and  wells.  The  country  around  Baku,  on  tS» 
western  shore  of  the  Caspian  Sea,  is  remarkable  for  its  numerous  mod 
volcanos  and  fountains  of  naphtha,  the  soil  apparently  being  every  when 
impregnated  with  bituminous  matter.  About  ten  miles  to  the  doi^ 
east  of  Baku  there  are  many  old  temples  of  the  Guebres  or  fire-w(v- 
shippers,  in  each  of  which  ttiere  is  a  jet  of  inflammable  gas  issniu 
from  apertures  in  the  earth.  Within  an  area  of  two  miles  in  cireon- 
ference,  if  holes  be  made  in  the  earth,  gas  immediately  rises,  and  mn 
be  set  on  fire  by  a  lighted  torch.  The  inhabitants  fix  hollow  canes  ii 
such  holes,  and  light  the  stream  of  gas  from  the  top,  avaiUng  di€» 
selves  of  the  light  and  heat  for  domestic  purposes.  The  flame  is  stsiK 
extinguished  by  plugging  up  the  orifice  of  the  tube.  Besides  tfe 
sacred  and  domestic  fires,  there  is  a  large  one  which  springs  froa  > 
natural  cliff  in  an  open  situation,  and  which  bums  continually.  )b. 
Kinneir  stales,  that  the  whole  country  round  Baku  has  at  times  tbe 
appearance  of  being  enveloped  in  flames.  "  It  often  seems,**  be  st^ 
"  iB  if  the  fire  rolled  down  from  the  mountains  in  large  masses,  id 
with  incredible  velocity ;  and  during  the  clear  moonshine  nights  ^ 
.November  and  December,  a  bright  blue  light  is  observed  at  times  a 
cover  the  whole  western  range.  I'his  fire  does  not  consume,  and  if  > 
person  finds  himself  in  the  middle  of  it  no  warmth  ia  folt."  f 

*  M^oire  sur  les  Isles  Ponces,  &c.,  pp.  300 — 863. 

t  See  Hauway's  Travels  in  Persia,  vol.  i. ;  Geo.  Forster's  Travels  OTa)tt< 
to  India;  Macdonald  Klnneir*s  Geographical  Memoir  on  Persia;  Baft&B* 
and  Parrot's  Travels  in  the  Crimea  and  Cancasns  in  1816.  vol.  i.  j  and  fi«- 
boldt  Fragmens  Asiatiques. 
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'  Captain  Beaufort  describes  an  ignited  jet  of  inflammable  gas,  called 
the  Yanar,  near  Delictash,  on  the  coast  of  Karamania,  anciently  per- 
haps the  object  of  religious  veneration.  He  states,  that  "  in  the  inner 
comer  of  a  ruined  building,  the  wall  is  so  undermined  as  to  leave  an 
aperture  of  about  three  feet  in  diameter,  and  shaped  like  the  mouth  of 
an  oven :  from  this  the  flame  issues,  giving  out  an  intense  heat,  yet 
producing  no  smoke  on  the  wall."  Though  the  wall  was  scarcely  dis- 
coloured, a  little  caked  soot  appeared  in  the  neck  of  the  aperture.  The 
bill  is  composed  of  crumbly  serpentine  and  loose  blocks  of  limest(»le. 
At  a  short  distance  down  the  hill  there  is  another  aperture,  which  from 
its  appearance  may  have  given  out  gas.  The  Yanar  is  supposed  to  be 
of  ancient  date,  Pliny  having  described  a  similar  phenomenon,  pro- 
bably with  reference  to  this  spot.*  Such  jets  of  inflammable  gas  have 
been  observed  in  a  mountain  in  the  island  of  Samos,  in  a  temple  at 
Chittagong  in  Bengal,  and  near  salt  springs  in  China.  Both  in  £urope 
and  America  the  spontaneous  production  of  carburetted  hydrogen  has 
been  taken  advantage  of  for  economical  purposes.  In  the  salt-mine 
of  Gottesgabe,  at  Reine,  in  the  county  of  Tecklenberg,  there  is  an 
opening  cdled  the  Fit  of  the  Wind,  from  which  a  continuous  current 
of  this  gas  has  issued  for  sixty  years.  M.  Roeders,  inspector  of  the 
mines,  has,  for  a  few  years  past,  employed  this  natural  gaslight  for 
the  purposes  of  illumination  and  for  cookery .f  Near  the  village  of 
Fredonia,  New  York,  N.  A.,  are  a  number  of  what  are  called  burning 
springs ;  and  gas  issues  from  them,  which  is  collected  in  a  gasometer, 
and  conveyed  by  pipes  to  the  village,  which  is  thus  lighted.  The 
same  kind  of  gas  is  evolved  more  copiously  in  the  bed  of  a  stream 
about  a  mile  from  the  village.  It  consists  of  carburetted  hydrogen, 
supposed  to  be  derived  from  beds  of  bituminous  coal.^  A  current  of 
gas  resembling  this  last  was  discovered  in  1828,  in  the  bed  of  a  rivulet 
which  crosses  the  nortl^  road  between  Edinburgh  and  Glasgow,  about 
seven  miles  from  the  latter  city.  It  is  said  to  be  emitted  for  more  than 
balf  a  mile  along  the  banks  of  the  rivulet ;  and  in  one  place,  where 
many  jets  issued  within  a  yard  square,  it  was  set  on  fire,  and  burnt 
uninterruptedly  during  five  weeks,  giving  the  clay  soil  the  appearance 
of  powdered  brick.$ 

«  Karamania  j  or.  Brief  Description  of  the  Coast  of  AsiaMinor.  I817. 
t  Edinb.  Joiimal  of  Sdanoe,  No.  xv.  p.  I88.  t  Idem. 

f  Edinb.  Journal  of  Science,  No.  1.,  N.  S.,  pp.  71— 7ft. 
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The  eztrioftfcioii  of  inflammable  gases  from  die  bowels  of  the  e«^ 
is  interesting,  as  tending  to  illustrate  the  peculiar  geological  stmctore 
of  various  distant  portions  of  the  earth's  surfaoe;  and  the  gases  issuiii; 
from  volcanic  districts  must  have  some  influence  on  the  nature  of  tbe 
minerals  occurring  in  such  situations,  but  the  quantities  in  which  tber 
are  thus  produced  are  relatively  insignificant,  and  their  foimativ*  or 
destructive  effects  must  take  place  to  an  extent  far  inferior  to  tkoie 
oocasiooed  by  oxygen  and  carbonic  acid. 

Gases  are  not  the  only  kinds  of  foreign  matter  contained  in  die 
atmosphere,  which  forms  a  receptacle  for  all  such  bodies, 'whether  fluid 
or  solid,  as  are  at  any  time  exposed  to  its  action,  and  are  rendered 
capable  of  elevation  l^  their  inferiority  of  specific  gravity.  Water, 
however,  appears  to  be  the  only  kind  of  matter  which  ocenrs  in  saff* 
cient  quantities  in  the  atmosphere,  to  produce  any  considerable  effect 
on  the  surface  of  the  earth  in  consequence  of  its  chemical  propertue* 
From  its  solvent  power  it  must  materially  aid  the  operation  of  ca^ 
bonic  acid  in  the  decomposition  of  rocks,  and  that  proper^  alone,  tf  ^ 
is  widely  dispersed,  and  in  some  places  in  great  abundance  in  the 
lower  strata  of  the  air,  renders  it  a  formidable  aeent  of  destructioD- 
It  has  sometimes  been  supposed  that  the  atmosphere  abstracts  wtttr 
from  the  sea,  holding  in  solution  muriatic  acid  or  salts.  But  from  tbi 
experiments  of  M.  Roubaudi  at  Nice,  on  the  coast  of  the  Meditw 
ranean,  it  appears  that  when  the  sea  is  calm,  the  air  on  the  sea-aboR 
and  over  the  sea  contains  neither  muriatic  acid  nor  muriates,  thoo;^ 
when  the  sea  is  rough,  and  particularly  if  the  wind  is  hig^h,  paiticto 
of  sea-water,  in  a  state  of  great  tenuity,  float  in  the  air,  but  the  d» 
tance  to  which  they  may  be  carried  inland,  will  necessarily  depend  oi 
the  force  and  direction  of  the  wind.* 

The  action  of  the  atmosphere  on  the  superficial  strata  of  the  eiith 
varies  according  to  the  circumstances  under  which  it  taken  pbr«< 
When  it  is  in  a  state  of  repose  its  effects  must  principally  depend  ot 
its  properties  as  a  chemical  agent;  and  these  have  bean  alreMit 
noticed.  Air  when  in  a  state  of  agitation,  as  during  the  prevaleaoe« 
winds,  storms,  tempests,  hurricanes,  and  tornados,  beooues  a  v* 
chanical  agent  of  vast  power :  but  its  influence  is  so  generally  UcoiM 
with  that  of  aqueous  showers  and  currents,  that  it  is  diffionlt  to 

*  Journal  de  Pharmacie,  less. 
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tain  the  exact  extent  to  which  it  operates,  and  as  the  subject  of  aerial 
oscillations  and  disturbances  belongs  to  meteorology,  a  few  obserVa^^ 
tions.  only  will  be  requisite  here  relative  to  the  effect  of  commotions 
in  the  atmosphere  on  the  surface  of  the  earth. 

Even,  when  the  air  is  perfectlj  still,  the  power  of  gravitation  neces- 
sarily causes  the  ascent  of  all  loose  bodies  from  the  earth,  which  We 
inferior  in  specific  gravity  to  the  lower  aerial  strata,  and  extremely 
minute  particles  of  heavier  matters  are  also  elevated,  probably  from 
the  action  of  temperature,  producing  very  inconsiderable  currents.  It 
is  in  consequence  of  their  t^ondei^l  tenuity,  that  the  seeds  of  cryp- 
togamous  plants,  as  mosses,  fungi,  and  lichens,  are  often  transported  td 
great  distances  through  the  air,  and  thus  such  plants  are  found  vege- 
tating in  situations  in  which  it  would  be  impossible  otherwise  to 
account  for  their  existence.  **  The  sporules  of  fongi/'  observes  Fries, 
"  are  so  infinite,  that  in  a  single  individual  of  Reticularia  maximaf  I 
have  counted  above  ten  miluons,  and  so  subtile  as  to  be  scarodly 
visible,  often  resembling  thin  smoke,  so  light  that  they  may  be  raised, 
perhaps,  by  evaporation  into  the  atmosphere,  and  dispersed  in  so  niany 
ways  by  the  attraction  of  the  sun,  by  insects,  wind,  elasticity,  adhe- 
sion, &c.,  that  it  is  difficult  to  conceive  a  place  from  which  they  may 
be  excluded.''* 

To  what  great  distances  heavy  substances  in  a  state  of  minute 
division  may  be  conveyed  through  the  air,  will  appear  from  the  follow- 
ing observations,  made  at. Barbados,  during  a  volcanic  eruption  in  the 
island  of  St.  Vincent's,  which  is  about  seventy  miles  directly  westward 
from  it :  "In  the  ni^t  preceding  the  1st  of  May,  1813,  the  inha- 
bitants and  the  garrison  of  Barbados  were  alarmed  by  the  noise  of 
explosions  from  ihe  westward,  which  seemed  to  proceed  from  fleets 
engaged  at  sea  in  that  direction.  At  two  or  three  in  the  morning 
there  was  a  strange  sort  of  dust  dropping  from  the  air,  which  increased 
as  the  morning  advsnced.  When  daylight  appeared,  a  large  body  of 
vapour  appeared  to  the  northward  of  the  east,  slowly  advancing  over 
the  island,  producing  in  a  manner  sufficiently  obvious,  a  darkness  in 
the  quarter  from  which  it  came,  carrying  before  it  a  bright  portion  of 
the  sky,  bounded  by  an  apparently  circular  line  of  dimensions  sacces- 
sively  diminishing  until  entirely  shut  in,  and  complete  darkness 

*  Undlejr'i  Introduction  to  the  Natural  System  of  Botany. 
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ooyered  all  things.     The  ordinaiy  darkness  of  nigbt,  alwajs  iDnini- 
nated  more  or  less  bj  starlight,  wna  not  to  be  compared  to  this.    It 
was  total  and  absolute.    The  eye  could  not  see  the  hand.      It  was  an 
Egyptian  darkness  that  might  be  felt.  The  dust  continued  to  increase, 
and  fell  in  such  large  quantities,  as  to  coyer  eyery  thing  to  the  depdi 
of  more  than  an  inch,  and  eyen  to  break  down  the  branches  of  trees 
by  lying  on  them.    Between  twelye  and  one  o'clock  in  the  day,  a  ver- 
tical shadowy  light  began  to  appear,  the  passage  of  light  from  the 
atmosphere  above  being  shortest  in  that  direction  through  the  dust,  ia 
a  circular  form,  which  as  the  dust  thinned  away,  or  drove  on,  increased 
in  diameter,  until  the  whole  body  of  particles  passed  away  yisibly. 
By  the  impalpable  particles  of  dust  thus  deposited,  for  many  days  men 
and  animals  were  grievously  annoyed,  even  the  tender  leayes  of  plants 
were  injured,  and  the  wind  agitating  the  dust,  the  whole  face  of  the 
country  showed  like  the  crater  of  a  volcano.    The  volcano  of  St.  Vin- 
cent's had  burst  out.    The  dust,  thrown  by  the  explosions  to  con- 
siderable heights,  had,  by  the  higher  currents  of  air,  been  carried  to 
windward  during  the  night,  and,  descending  into  the  lower  regions  of 
the  atqaosphere,  was  driven  back  over  the  island  by  the  ordinary  trade- 
win^  a  little  to  the  north  of  east.'     During  the  fall,  patterings  on  the 
roofs  of  houses,  as  of  grosser  particles  than  dust,  were  repeatedly 
beard,  and  some  of  the  dust  sent  to  me  contained  particles  or  stones, 
whose  dimensions  seemed  to  exceed  all  the  power  of  floatage,  so  gross 
that  I  was  led  to  conceive  that  they  were  carelessly  taken  ap  from  the 
soil  on  which  the  dust  lay.     Other  portions  of  oust  were  free  fros 
these.     An  analysis  of  this  dust,  in  the_  laboratory  of  the  Royal  1b- 
stitutioo,  by  Mr.  Faraday,  gives  the  following  components  :  silex  7S. 
alnmine  11.2,  lime  7,  oxide  of  iron  3.4,  loss  .4  =  100.* 

"  This  floatage  power  of  small  bodies  may  account  for  the  dost  sai^ 
to  be  observed  on  the  tops  of  the  highest  mountains,  to  which  tW 
finest  particles  of  smoke,  and  of  whatever  solid  materials  may  be  ad#> 
quately  divided,  so  as  to  be  elevated  and  dispersed  in  air,  may  rise, 
and  in  a  given  state  of  rest  in  the  air  above,  unknown  below,  mat 
quietly  be  deposited,  and  undisturbedly  repose.**t 

*  The  small  amount  of  loss,  about  l-SOOih  of  the  whole,  may  probslily  te«« 
been  owing  to  ttie  escape  of  hygnrometric  moisture. 

i  On  the  Floatage  of  Small  Heavy  BodUt  in  Air,  by  G.  W.  Jordaa.  P.BJ&, 
Jonrn.  of  Science,  vol.  viii.  pp.  S6l— SOS. 
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Daring  an  eruption  from  the  volcanic  mountain  of  Tomboro,  in  the 
island  of  Sumbawa,  in  1815,  whicli  will  be  subsequently  noticed,  the 
^1  of  dust  and  ashes  was  so  great  at  Bima,  forty  miles  eastward  of  the 
volcano,  as  to  break  down  the  roofs  of  the  residency  and  other  houses ; 
and  on  the  side  of  Java,  the  volcanic  powder  was  carried  300  miles* 
and  more  than  200  towards  Celebes,  in  sufficient  quantity  to  darken 
the  air. 

The  influence  of  the  atmosphere  in  modifying  the  suriace  of  the 
earth  must  obviously  be  greatly  augmented  during  the  prevalence  of 
high  winds.  Thus  are  formeu  dunes  and  sand-hills,  which  sometimes 
overwhelm  cultivated  fields,  and  the  habitations  of  man,  transforming 
fertile  plains  into  barren  trackless  wastes.  Such  phenomena  have 
taken  place  in  the  south  of  France,  in  Egypt,  and  in  different  parts  of 
Scotiand. 

Cuvier  remarks,  that  where  the  sand  thrown  up  by  the  sea  is  left 
loose,  it  advances  as  irresistibly  over  the  land  as  the  silt  and  other 
alluvial  matter  carried  down  by  rivers  does  over  the  bed  of  the  sea.  In 
their  progress  the  sands  push  before  them  large  pools  formed  by  rain, 
intercepting  their  communication  with  the  sea.  On  the  coast  of  the 
Bay  of  Biscay  they  have  overwhelmed  many  villages  mentioned  in 
records  of  the  middle  ages ;  and  in  the  department  of  the  Landes 
alone,  ten  are  now  threatened  with  destruction.  Mimisan,  one  of 
these  villages,  has  for  twenty  years  been  struggling  against  them, 
while  a  sand-hill  more  than  sixty  feet  in  height  is  approaching  it. 
Their  progress  has  been  estimated  at  sixty  feet  annually,  and  in  some 
places  at  seventy -two  feet.  According  to  this  calculation  they  might 
in  two  thousand  years  reach  Bourdeaux ;  and,  from  their  present  extent, 
it  must  have  been  about  four  thousand  years  since  they  began  to 
be  formed.* 

The  sands  of  the  Libyan  desert,  driven  by  the  west  winds,  have 
covered  all  the  land  formerly  capable  of  tillage  on  the  western  bank  of 
the  Nile.  Denon,  in  his  "  Travels  in  Lower  and  Upper  Egypt,*' 
says  that  the  summits  of  the  ruins  of  ancient  cities  buried  under  these 
sands  still  appear  externally. 

In  Morayshire,  N.  B.,  westward  from  the  mouth  of  the  river  Find- 
horn,  a  district  consisting  of  more  than  ten  square  miles  of  land,  once 

*  Cttvier'i  Theory  of  the  Earth,  pp.  133~1!U. 
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termed,  from  its  fertUi^,  the  Granary  of  Moray,  has  been  depopulated 
and  ruined  by  a  sand-flood.  The  eruption  commenced  about  1677, 
and  its  progress  was  gradual ;  but  in  1697  not  'a  vestige  was  to  b« 
seen  of  the  manor-house»  orchards,  and  offices  of  Coubine,  two-thirds 
of  the  barony  so  called  having  been  then  destroyed,  and  the  sand 
was  daily  gaining  ground.  This  sand  came  from  Maviescon,  on  the 
coast,  seven  miles  west  from  the  mouth  of  the  Findhom,  where  from 
time  inmiemorial  there  have  been  large  accumulations  of  sand.  It  ap- 
pears, however,  that  the  catastrophe  of  Coubine  "  was  occasioned  bv 
the  bad  practice  of  pulling  bent  and  juniper,"  which  occasioned  an  act 
of  the  Scottish  Parliament,  dated  July  16,  1695,  for  tbe  preservatios 
of  lands  adjacent  to  sand-hills.  The  cause  thus  assigned  as  the  otigin 
of  the  devastation  of  Coubine,  suggests  an  obvious  remedy,  in  tbe 
plantation  of  vegetables  which  will  grow  in  a  sandy  soil,  such  as  tbe 
Arundo  arenaria,  and  the  Elymus  arenaritu,  the  spreading  fibrous  roots 
of  which  give  stability  to  the  loose  surface.* 

Sands  and  fragments  of  sea-shells  are  sometimes  raised  from  Hu 
beach  to  very  considerable  heights  by  violent  winds,  as  is  the  case 
with  the  sands  of  Barry,  at  the  north  side  of  the  estuary  of  tbe  Tay, 
where  hills  have  been  formed  by  them  140  feet  high.f 

Hurricanes,  from  their  extraordinary  force  and  violence  pioductiTf 
of  effects  far  beyond  those  of  high  winds,  are  generally  accompanied 
by  storms  of  rain,  and  the  result  of  their  influence,  ther^bre,  is  paith 
owing  to  the  impulse  of  gusts  of  air,  and  partly  to  that  of  floods  "* 
water.  "  They  are  of  geological  importance,"  says  Mr.  De  la  Bccbe 
«  as  by  the  sudden  applicatiou,  if  I  may  so  express  myself,  of  a  furioib 
wind  and  deluges  of  rain  to  the  sunace  of  land,  very  considerai)^ 
changes  are  in  a  short  time  produced  on  that  surfiice."!  The  ^elocin 
of  the  wind  in  hurricanes  has  been  estimated  at  from  eighty  to  ob» 
hundred  miles  an  hour.  The  hurricanes  that  occasionally  ravage  ti:? 
Antilles,  the  Isles  of  France  and  Bourbon,  Siam,  China,  Japan,  an: 
other  countries  between  and  near  the«  tropics,  overthrow  solid  edifices, 
uproot  the  strongest  trees,  involve  animals  and  the  produce  of  tb* 

*  See  niustrationa  of  Cavier*s  Theory  of  the  Earth,  by  Prof.  Jaooe^ 
KoteO. 
t  Lyell*8  Princip.  of  OeoL,  vol.  1.  p.  343. 
Oeolog.  Man.,  p.  UQ. 
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fields  in  one  common  ruin,  and  sweep  to  a  distance  yast  masses  of 
solid  matter.  The  desolating  power  of  hurricanes  may  be  estimated 
from  the  ensuing  account  of  one  which  visited  Guaddoupe,  July  25» 
1825.  Houses  firmly  built  were  overturned ;  and  a  new  structure 
erected  at  the  expense  of  eovernment,  in  a  most  substantial  manner^ 
was  ruined.  The  force  and  rapidity  of  the  wind  was  such  as  to  drire 
tiles  through  the  thick  doors  of  warehouses.  A  deal  plank,  about  39 
inches  long,  9^  inches  wide,  and  i^  of  an  inch  thick,  was  carried  with 
such  extraordinaiy  Telocity  through  the  air,  that  it  passed  directly 
through  the  trunk  of  a  palm-tree  ITi*^  inches  in  diameter.  A  piece  of 
wood  7}  inches  square,  and  from  4  to  5  yards  in  leiu^,  was  driven  by 
the  wind  through  the  surface  of  a  hard,  beaten,  and  nequented  road,  to 
the  depth  of  aboat  a  yard.  A  fine  iron-railing  before  the  government 
house  was  entirely  broken.  Three  pieces  of  cannon,  twenty-four 
pounders,  were  dismounted,  and  driven  against  the  breastwork  of  the 
battery  in  which  they  wer^  placed.  The  accuracy  of  this  statement 
was  verified  by  inquisition  on  the  spot,  by  General  Baudrand,  of  the 
French  engineers.* 

The  effect  of  air  in  modifying  the  surface  of  the  earth,  where  it  acts 
independently,  is  chiefly  the  result  of  its  chemical  properties :  water  is 
perhaps  most  efficient  as  a  mechanical  agent.  The  influence  of  water, 
like  that  of  air,  is  apparent  both  as  a  destructive  and  as  a  formative  or 
constructive  power ;  dissolving  or  wearing  away  solid  surfiices  in  one 
situation,  and  depositing  beds  of  transported  matter  in  another.  Indeed 
these  operations  must  almost  always  be  simultaneous  or  successive,  the 
detritus  of  rocks  and  of  organic  bodies^  removed  bv  the  agency  of 
water  from  ihe  higher  parts  of  a  country,  serving  to  form  new  tracts 
of  land,  by  filling  up  lakes,  or  composing  deltas,  sandbanks,  or  islands 
encroaching  on  uie  sea. 

Mr.  De  la  Beche,  after  describing  the  manner  in  which  the  disin* 
tegration  of  rocks  may  take  place,  owing  to  the  protracted  action  of 
atmospheric  moisture,  and  the  more  rapid  and  violent  operation  of 
streams  and  torrents  in  the  degradation  of  land,  says,  '*  This  destruc- 
tion of  the  surface  is  common  to  most  countries ;  and  if  a  rock  so 
weathered  be  Umestone,  there  is  not  unfrequendj  a  reconsolldation  of 

*  Pottillct  Bl^.  ds  Pbys.  Expcr.  et  de  Meteorol.,  torn*  U.  pp.  717, 718. 
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the  parts  by  means  of  calcareous  matter  deposited  by  the  water  that 
percolates  through  the  ii-agments,  and  which  dissolves  a  portion  of 
them.  At  Nice,  the  fractured  surface  thus  reunited  is  so  hard,  that  if 
it  occur  on  a  line  of  road  it  must  be  blasted  by  gunpowder  for  removal. 
There  are  some  fine  examples  of  this  reconsolidation  upon  the  lime- 
stone hills  of  Jamaica ;  as  for  example,  near  Rock  Fort,  and  at  the 
cliffs  to  the  eastward  of  the  Milk  River's  mouth. 

**  The  feldspar  contained  in  granite  is  often  easily  decomposed,  and 
when  this  is  effected,  the  surface  frequently  presents  a  quaitioM 
gravel.  D'Aubuisson  mentions,  that  in  a  hollow  way,  which  had  been 
only  six  years  blasted  through  granite,  the  rock  was  entirely  decom- 
posed to  the  depth  of  three  inches.  He  also  states,  that  the  granite 
country  of  Auvergne,  the  Vivarais,  and  the  eastern  Pyrenees,  is  fre- 
quently so  much  decomposed,  that  the.  traveller  may  imagine  himself 
on  large  tracts  of  gravel.* 

**  Some  trap-rocks,  from  the  presence  of  the  same  mineral,  are  so 
liable  to  decomposition,  that  there  is  frequently  much  difficulty  in  ob- 
taining a  specimen.  The  depth  to  which  some  rocks  of  this  nature  are 
disintegrated  in  Jamaica  is  often  very  considerable.'' t 

The  powerful  effect  of  the  continued  action  of  running  vrvter  oo 
compact  rock  appears  from  the  manner  in  which  the  river  Sim^o,  i& 
Sicily,  has  cut  through  a  bed  of  lava.  At  the  western  base  of  Etna  a 
great  current  of  lava  descending  from  near  the  summit  of  the  principal 
volcano,  flowed  over  the  alluvial  plains  of  Simeto,  the  largest  of  the 
Sicilian  rivers,  which  skirts  the  base  of  the  mountain,  and  falls  inli> 
the  sea  a  few  miles  south  of  Catania.  The  lava  entered  the  riret 
about  three  miles  above  the  town  of  Ademo,  and  not  only  filled  its 
channel  for  some  distance,  but  flowing  to  the  opposite  side  oi  the  Taller, 
accumulated  there  in  a  rocky  mass.  The  eruption  is  supposed  to  hurt 
taken  place  in  1603,  and  the  appearance  of  the  current  proves  that  i: 
is  of  modem  date,  for  it  has  not  been  crossed  or  covereci  by  any  other 
i^tream  of  volcanic  matter.  In  the  course,  therefore,  of  about  two  eo- 
turies,  the  Simeto  has  eroded  a  passage  from  fifty  to  several  hundred 

*  Traits  de  (i^ogrnosie;  ou.  Expose  des  Connaissances  aetata  sur  laCo- 
^titution  Physique  et  Minerale  du  Globe  Terrestre,  tom.  i. 
t  XSeologr*  Man.  p.  45. 
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feet  wide,  and  in  some  parts  from  forty  to  fifty  feet  deiep.  The  maiSs 
of  lava  cut  through  is  not  porous  or  scoriaceous,  but  a  compact,  homo- 
geneous, hard  blue  rock ;  and  the  general  declivily  of  the  bed  of  the 
riyer  in  this  place  is  not  very  considerable.* 

A  more  striking  example  of  the  detrition  of  solid  rocks  by  flowing 
water  is  exhibited  at  the  falls  of  Niagara,  in  North  America.  At  these 
falls  "  the  water  is  divided  by  a  small  island,  which  separates  the  river 
into  two  cataracts,  one  of  which  is  six  hundred  yards,  and  the  other 
three  hundred  and  fiffy  yards  wide :  the  height  of  the  fall  is  from  one 
hundred  and  forty  to  one  hundred  and  sixty  feet  deep.  It  is  estimated 
that  670,000  tons  of  water  are  dashed  every  minute  with  inconceiv- 
able force  against  the  bottom,  and  wearing  down  the  adjacent  rocks. 
Since  the  banks  of  the  cataract  were  inhabited  by  Europeans,  they  have 
observed  that  it  is  progressively  shortening  the  distance  of  the  falls 
from  Lake  Erie.  When  it  has  worn  down  the  intervening  calcareous 
rocks,  the  upper  lake  will  become  dry  laud,  and  form  an  extensive 
plain  or  valley,  surrounded  by  rising  ground,  and  watered  by  a  river 
or  smaller  lake,  which  will  occupy  we  lowest  part.  In  tois  plain 
future  geologists  m&y  trace  successive  strata  of  fresh-water  formation, 
covering  the  subjacent  ancient  limestone.  The  gradual  deposition  of 
minute  earthy  particles,  or  the  more  rapid  subsidence  of  mud  from 
sudden  inundations,  will  form  distinct  beds,  in  which  will  be  found 
the  remains  of  fresh-water  fish,  vegetables,  and  quadrupeds." 

"  Mr.  Joseph  Henry,  in  a  topographical  sketch  of  the  state  of  New 
York,  says,  <  The  descent  of  the  country  from  Lake  Erie  to  Ontario,  is 
prinoipaUy  by  a  step,  not  at  the  falls,  but  at  Lewis  Town,  several 
miles  below.  In  viewing  the  position  of  the  fiedls,  and  the  features  of 
the  country  round,  it  is  impossible  not  to  be  impressed  with  the  idea, 
that  this  great  natural  race-way  has  been  formed  by  the  continued 
action  of  the  irresistible  current  of  the  Niagara,  and  that  thsfalU,  be^ 
ginning  at  Lewis  Town,  hav€t  in  the  couru  of  ages,  worn  back  the  rocky 
strata  to  their  pretent  tite.  The  deep  chasm  through  which  the  Nia- 
gara passes,  below  the  falls,  is  nearly  a  mile  wide,  with  almost  perfect 
mural  aides.'— TranMctions  of  the  Albany  Inttitut$"i 

Tha  bed  of  the  river  below  the  faUs  is  strewed  with  huge  fragments 

•  LrcU't  Prin.  of  Oedog.,  voL  i.  pp.  S68— S0O. 

t  BakaweU's  Introdocthm  to  Geology,  4th  ed.,  I8SS,  pp.  816— 817. 
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of  rocks,  hurled  down  bj  the  cataract*  The  retrogressioa  of  the  vat» 
fall,  owing  to  the  defiitmction  of  the  surface  over  which  it  takes  iti 
course,  is  said  to  have  amounted  to  nearly  fifty  yards  doling  the  hit 
forty  years.  If  the  excavation  always  proceeded  at  the  same  rate,  it 
must  have  required  about  ten  thousand  years  for  the  formation  of  the 
whole  ravine ;  and  it  would  take  up  more  than  thirty  thouaand  j&a 
from  the  present  time  before  the  channel  would  be  worn  backward  to 
Lake  Erie,  a  distance  of  twenty-five  miles. 

The  power  of  running  water  in  removing  stones  and  heavy  malB* 
rials,  and  changiog  the  face  of  a  couutry,  was  remarkably  exemplified 
in  the  effects  of  the  great  flood  which  happened  in  August,  1829,  io 
the  province  of  Moray,  and  adjoining  districts,  in  Sootland.  Tte 
storm  which  occurred  on  this  occasion  displayed  all  the  characteristie 
violence  of  a  tropical  hurricane.  The  inundating  riv«iB  w«re  A« 
Nairne,  the  Findhom,  and  the  Spey,  with  their  numerous  tribatanet. 
All  the  low  intervening  lands  were  covered,  and  the  bridges  ad 
buildings  along  the  banlut  were  in  general  swept  away.  The  |daiii  d 
Torres  was  inundated  to  an  extent  of  twenty  square  miles,  and  lh»  d^ 
struction  every  where  great.  On  the  Nairne  a  fragment  of  wmdstf* 
rock,  fourteen  feet  long,  three  feet  wide,  and  one  thick,  was  canki 
more  than  two  hundred  yards  down  the  river.  Some  new  laviiw 
were  scooped  out  on  the  sides  of  the  mountains,  where  no  streamabai 
previously  flowed,  and  ancient  river-channels,  which  had  never  bcs 
filled  from  time  immemorial,  gave  passage  to  copious  floods. 

Sir  Thomas  Dick  Lauder,  of  Fountain-hall,  who  published  a  nam- 
tive  of  this  occurrence,  has  given  the  following  animated  deacriptiK 
of  the  devastation  which  took  place  in  his  own  ornamented  domm 
"We  were  roused  while  at  dinner  by  the  account  the  serrants  gave 
us  of  the  swollen  state  of  the  rivers ;  and  in  defiance  of  tlie  nwrtirr 
the  whole  party  sallied  forth.  We  took  our  way  through  the  gardA 
towards  the  favourite  Mill  Island.  The  magnificent  treea  oa  tte 
island  were  overthrown  faster  and  faster,  offering  no  more 
to  their  triumphant  enemy  than  reeds  before  the  mower'a 
Each  one  as  it  fell  gave  one  enormous  splash  on  the  sorfaee, 
plunge ;  the  root  appeared  above  water  for  a  moment ;  and  tben 
the  stem,  disbranched  and  pe^ed;  after  which,  they  either  rolled 
in  the  caldron,  or  darted  like  arrows  down  the  stream.  Besides  i» 
loss  of  the  Mill  Island,  which  I  had  looked  for,  the  beautiful 
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l»ank,  eoverad  with  majestic  foiest  and  ornamental  trees  of  all  kinds, 
and  of  growth  so  fresh  and  vigorous,  had  vanished  like  the  scenery  of 
a  dream ;  and  in  its  place  was  the  garden  hedge,  running  for  between 
two  and  three  hundred  jards  along  the  brink  of  a  red  alluvial  perpen- 
dicular precipice,  fifty  feet  high,  with  the  broad,  remorsdess  flood 
rolling  at  its  base,  eating  into  its  foundation,  and  every  successive 
minute  bringing  down  masses  of  many  cubic  3rards.  And  then,  from- 
time  to  time,  some  tall  and  graceful  tree,  on  the  brink  of  the  fractured 
portiona  of  the  bank  at  either  end,  would  slowly  and  magnificently 
bend  its  head,  and  launch  into  the  foaming  waves  below.  The  whole 
scene  had  an  air  of  unreality  about  it  that  bewildered  the  senses.  It 
was  like  some  of  those  wild  melodramatic  exhibitions,  where  nature'9 
operations  are  out>heroded  by  the  mechanist  of  a  theatre,  and  where 
mountains  are  thrown  down  by  artificial  storms.''* 

A  bridge  of  granite  over  the  Dee,  at  Ballatu,  consisting  of  five 
arches,  with  a  water-way  of  260  feet,  which  had  stood  firm  for  twenty 
years,  was  destroyed  and  swept  away  by  the  torrent,  the  whole  mass 
of  the  masonry  liaving  disappeared  in  the  bed  of  the  river.  "  The 
river  Don,*'  says  Mr.  Farquharson,  in  his  account  of  this  catastrophe, 
"  has,  upon  my  own  premises,  forced  a  mass  of  four  or  five  hundred 
tons  of  stones,  many  of  them  two  or  three  hundred  pounds  weight,  up 
an  inclined  plane,  rising  six  feet  in  eight  or  ten  yards,  and  left  them  in 
a  rectangular  heap,  about  three  feet  deep,  on  a  flat  ground ;  the  heap 
ends  abruptly  at  its  lower  extremity,  "t 

Animals,  as  well  as  trees  and  the  produce  of  the  fields,  were  in. 
volved  in  the  general  ruin  caused  by  ^e  flood,  the  effects  of  which  at 
the  month  of  the  river  Spey  are  thus  described :  "  For  several  milea 
^onff  the  beach,  crowds  were  employed  in  endeavouring  to  save  the 
wood  and  other  wreck  with  which  the  heavy  rolling  tide  was  loaded  ; 
whilst  the  margin  of  the  sea  was  strewed  with  the  carcasses  of  domestic 
animals,  and  with  miUioni  of  dead  hares  and  rabbits.  Thousands  of 
living  f^ogs  also,  swept  from  the  fields,  no  one  can  say  how  far  off, 
wero  obeyed  leaping  among  the  wreck."  t 

*  An  Aooonnt  of  the  Qreat  Floods  of  August,  18S9»  in  the  Province  of 
Moray,  by  Sir  T.  D.  Lander,  Bart,  isso. 

t  Account  of  the  Flood,  by  the  Rev.  James  Farquharson,  in  Quarterly 
Journal  of  Science,  New  Series,  No.  xii.  p.  ssi. 

t  Sir  T.  D.  Lander's  Account,  p.  sis. 
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It  hu  been  remarked,  that  the  transporting  efiect  of  water  is 
vastly  augmented  by  the  relative  diminution  of  specific  gravity  in 
bodies  more  or  less  immersed  in  that  fluid  ;*  and  when  ice  adheres  to 
detached  rocks,  the  joint  masses  become  r^ly  lighter  than  the  stony 
substances  would  be  separately.  Hence  we  may  in  some  measure  ac- 
count for  the  distribution  of  large  blocks  of  granite  over  the  sarfi^e  of 
several  parts  of  Europe,  at  great  distances  from  the  primitive  rocks 
whence  they  appear  to  have  been  derived. 

The  phenomena  caused  by  floods,  debacles,  and  torrents,  manifest- 
ing the  sudden  efiect  of  powerful  impetus,  imposing  as  they  are,  can- 
not have  contributed  so  extensively  to  the  production  of  the  changes 
apparent  on  the  surface  of  the  earth,  as  the  slow  but  indefinitely  pro- 
tracted operation  of  running  water  more  or  less  loaded  with  silt  and 
sand,  and  conveying  it  firom  higher  to  lower  levels,  to  extend  the 
limits  of  old  continents,  or  form  the  foundations  of  new  ones.  Professor 
Robison,  in  an  article  on  "  Rivers,"  in  the  £n(^clopsdia  Britannica, 
has  furnished  some  estimates  of  the  effects  of  flowing  water,  wbenoe 
it  appears  that  a  velocity  of  three  inches  per  second  at  the  bottom  will 
just  begin  to  act  upon  fine  clay  in  a  firm  state,  and  tear  it  up  ;  a  velo- 
city of  six  inches  will  lift  fine  sand,  that  of  eight  inches  will  laise 
sand  as  coarse  as  linseed,  twelve  inches  will  sweep  away  fine  gravel, 
twenty-four  inches  will  roll  along  rounded  pebbles  an  inch  in  diameter; 
and  it  requires  a  velocity  of  three  feet  per  second  to  sweep  aloof 
shivery  anigular  stones  of  the  size  of  an  ef^g. 

Whatever  matters  may  be  taken  up  by  flowing  water  will  be  agaia 
deposited  as  soon  as  the  velocity  of  the  stream  becomes  inferior  to 
that  which  caused  their  removal ;  so  that  only  the  finer  particles  of  d«- 
tritus  will  in  general  be  carried  into  the  sea.  The  distance  to  wbici 
river-water,  loaded  with  such  particles,  would  flow  over  sea^water, 
must  depend  on  a  variety  of  obvious  circumstances.  Captain  Sabine 
found  discoloured  water,  supposed  to  be  that  of  the  Amaaons,  SOO 
miles  distant  in  the  ocean  from  the  embouchure  of  that  river.  It  v«s 
about  126  feet  deep.  Its  specific  gravity  was  =  1.0204.  and  tke 
specific  gravity  of  tiie  sea- water  =  1.0262.  This  appears  to  be  the 
greatest  distance  from  land  at  which  river-water  has  been  detected  at 
the  surface  of  the  ocean.t 

*  See  Book  of  Science,  pt.  1.  pp.  125 ;  and  158. 
t  De  la  Beche's  Geol.  Researches,  p.  7a. 
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The  quantity  of  detrital  matter  conreyed  bj  risers  to  the  sea,  must 
be  greatly  influenced  by  the  nature  of  the  countries  through  which 
they  take  their  course.  The  Hoang-ho,  or  Yellow  Riyer  of  China, 
flows  through  alluvial  tracts,  and  the  quantities  of  mud  and  earth  car- 
ried down  by  its  current  gives  the  water  the  appearance  of  diluted 
clay.  According  to  Mr.  Barrow,  it  pours  into  tbe  sea  every  hour, 
2000  feet  of  solid  earth,  sufficient  in  seventy  days,  if  accumulated  on 
one  spot,  to  form  an  island  a  mile  in  circumference ;  and  it  has  been 
observed,  that  a  sensible  diminution  takes  place  in  the  depth  of  the 
Yellow  Sea,  into  which  the  turbid  river  discharges  itself.  The  addi- 
tions of  land  that  have  been  made  in  the  Netherlands,  along  the  shores 
of  the  North  Sea ;  in  Italy,  on  the  borders  of  the  Adriatic  ;*  and  in 
Egypt,  at  the  mouth  of  tne  Nile ;  together  with  many  other  pheno- 
mena  of  a  similar  nature  have  been  noticed  by  historians  and  geolo- 
gists.! 

The  alluvial  matter  conveyed  to  the  sea  by  great  rivers  may  not 
only  produce  deltas  or  additions  of  land  to  the  coast,  but  also  give 
rise  to  insular  formations.  This  has  taken  place  at  the  mouth  of  the 
Ganges,  which  during  the  flood  season  pours  into  the  g^f  such  a 
quantity  of  mud  and  sand,  that  the  sea  only  recovers  its  transparency 
at  the  distance  of  sixty  miles  from  the  shore.  Hence  an  island  has 
arisen  opposite  the  mouth  of  the  Hoogly  river  (one  of  the  branches  of 
the  Ganges),  and  immediately  south  of  Saugur  Island,  four  miles 
from  the  nearest  land  of  the  delta.  It  is  said  to  have  been  discovered 
ia  1816,  together  with  the  canal  dividing  it  from  Saugur.  It  is 
situated  21o  35'  N.  latitude,  and  88<>  20'  £.  longitude,  from  Green- 
wich ;  its  position  agreeing  with  that  assigned  to  the  Baink  of  Saugur. 
A  lighthouse  has  be^n  erected  on  this  spot,  which  is  named  Edmon- 
Bton  Island.  For  many  years  it  has  been  covered  with  shrubs  and 
herbage ;  but  the  whole  surface  was  inundated  for  some  hours  during 
the  AmkI  in  May,  1833,  the  light-keepers  having  escaped  destruction 
by  ucending  into  the  lantern.    Its  dimensions  before  that  time  were 

«  Aeeording  to  Strabo,  Ravenna,  in  the  time  of  Augostos,  stood  among 
legunes,  as  Venice  does  now,  and  at  present  the  former  city  is  a  league  dis- 
tant f^om  the  shore. 

i  See  Cuvier's  Theory  of  the  Earth,  pp.  iss— 139. 
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Stated  to  be  two  miles  from  east  to  west,  and  balf  a  mOe  from  nortb  to 
south ;  bat  it  was  reduced  in  size  by  the  inundation,  and  must  bare 
since  been  enlarged."* 

Dr.  Hutton  ascribed  the  formation  of  vallejs  on  tbe  smface  of  die 
earth  to  tbe  erosive  action  of  rivers,  as  a  general  cause  ;t  and  thou^ 
the  more  extensive  obserTations  of  subsequent  inquirers  render  Int 
conclusions  questionable,  there  can  be  no  doubt  but  in  some  sitoatioiu 
valleys  may  be  thus  produced.  The  effect  of  flowing  wnter  must  de> 
pend  on  its  rapidity  and  consequent  impetus ;  and  hence  compact 
rocks  occasionally  have  their  surfaces  ploughed  with  goUies  and  hol- 
lows by  the  power  of  mountain  streams.  Dr.  Bigelow,  in  deseiibiDS 
the  White  Mountains  in  New  Hampshire,  N.  A.,  sajs,  "  In  serenl 
places  a  broad  continued  stripe  descended  the  mountains,  famving  tk 
appearance  of  a  regular  road  cut  through  the  trees  and  xt>ck8  firm 
near  the  base  to  the  summit.  On  examining  these  with  a  telescope^ 
they  were  found  to  be  channels  of  streams,  and  in  several  plaoes  tk 
water  could  be  seen  dashing  down  the  rocks. 

"  In  a  plain  near  the  base  of  the  mountains  was  a  pond  of  one  or  two 
acres,  situated  near  the  road,  and,  which  having  nootiier  inletorootiei 
appeared  to  be  the  principal  source  of  the  Saco  river.  The  waten  ei 
this  stream,  being  collected  from  several  sources,  proceed  direedr  to- 
wards the  side  of  the  mountain.  At  the  point  where,  to  all  ^pe*'' 
ance,  they  must  be  intercepted  in  their  course,  there  occurs  one  of  if 
most  extraordinary  features  of  the  place,  well  known  by  the  name  « 
'the  Notch.'  The  whole  mountain,  which  otherwise  forms  a  eofr 
tinued  range,  is  here  cloven  quite  down  to  its  base,  affording  a  &* 
opening  to  the  waters  of  the  Saco,  which  pass  off  with  a  gnba 
descent  towards  the  sea.  This  gap  is  so  narrow  that  space  has  vti 
difficulty  been  obtained  for  the  road,  which  follows  tbe  course  of  ^ 
Saco  through  the  Notch  to  the  eastward.  In  one  place  the  river  ^ 
appears,  beini?  lost  in  the  eaves  and  crevices  of  the  rocks,  and  wtif 
the  shelves  of  the  adjoining  precipice,  reappearing  at  length  at  tbe  ^ 


*  MonHily  Masasiae— Lyell's  Prln.  of  OeoL,  vol.  i.  p.  354. 
t  See  De  Luc's  Elementary  Treatise  on  Geology,  trmnslsted 
French,  by  the  Rev.  H.  De  la  Fite,  1809,  p.  89. 
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tanee  of  some  rods  below.    The  Notch  gradually  widens  into  a  long 
narrow  yalley."* 

It  i^pears  that  the  upper  part  of  the  rock  was  gneiss  and  granite ; 
and  near  the  Notch,  chiefly  coarse  reddish  jasper,  and  porphyry,  t 

The  manifest  effect  of  lakes  must,  in  general,  be  formative,  rather 
tihan  destmctiye,  contributing  to  the  production  of  new  strata,  by  mo* 
derating  the  influence  of  running  water,  and  furnishing  cavities  for 
the  deposit  of  detrital  matter.  But  the  bursting  of  the  banks  by  which 
lakes  are  restrained  may  occasion  inundations  and  debacles,  causing 
important  modifications  of  the  surface  of  a  country. 

Such  would  take  place,  as  already  remarked,  if  Lake  Erie  was  to 
hare  its  outlet  cut  backwards  to  its  border  from  the  Falls  of  Niagara ; 
andi  if  this  work  of  ages  were  completed,  the  valley  which  now  con- 
etitutes  the  basin  of  the  lake  would  be  traversed  by  a  large  river.f  The 
operations  of  nature,  however,  are  generally  gradual ;  and  a  concur- 
Tence  of  circumstances  would  be  requisite  to  cause  the  sudden  evacua- 
don  of  the  contents  of  a  large  lake.    A  remarkable  accident  of  this 
kind  took  place  in  1818,  in  consequence  of  the  bursting  of  a  lake 
formed  in  the  Valley  of  Bagnes,  in  the  Vallais.    This  valley,  situ- 
ated five  leagues  from  St.  Branchier,  is  very  narrow  at  one  end, 
where  a  ravine  is  formed  by  Mont  Mauvoisin  on  the  south  side,  and 
Mont  Pleureur  on  the  north ;  the  latter,  which  is  the  highest,  present- 
ing a  rocky  surface  above  500  feet  in  altitude,  capped  by  the  immense 
C^lacier  of  Chedroz.    Large  blocks  of  ice  often  falling  from  these 
lieights  accumulate  continually  in  the  valley,  through  which  passes  the 
river  Drance,  fed  by  the  waters  of  more  distant  glaciers.    The  stream 
had  formed  for  itself  a  bed  under  the  mass  of  ice  and  snow ;  but  in  the 
"Winter  of  1818,  the  glacier,  which  had  been  gradually  increasing, 
dammed  up  entirely  the  passage  by  which  the  river  made  its  exit.  The 
waters  were  thus  retained  within  the  valley,  forming  an  immense  lake, 
confined  on  one  side  only  by  the  wall  of  ice.    On  the  14th  of  May 
the  lake  was  7f 00  feet  in  lengtii,  and  630  in  breadth,  its  greatest 
depth  being  180  feet.    The  government  of  the  canton  of  Vallais,  to 


«  Abstract  o/mnAceotint  of  the  White  Mauntaku,    By  Jacob  Bigdow, 
B<*D.— 'Brande*s  Journal  of  Science,  vol.  it.  p.  398. 
t  Idem,  p.  897* 
t  See  Dels  Heche's  Geolog.  Man-,  pp.  sjM^i. 
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prevent  as  far  as  poaaible  the  ravages  to  be  apprehended  firom  i 
sadden  inundation,  had  an  artificial  gallerj  700  feet  in  length,  en: 
through  the  ice,  50  feet  below  the  level  of  the  lake.  This  was  com- 
pleted in  time  to  carry  off  a  large  portion  of  the  water,  reducing  i 
from  about  800,000,000  to  530,000,000  cubic  feet.  But  on  the  approacJ 
of  the  hot  season,  the  central  part  of  the  remaining  wall  of  ice  gave  wt}* 
with  a  tremendous  crash,  and  the  lake  was  emptied  in  half  an  hour, 
the  flood  sweeping  away  trees,  houses,  bridges,  and  large  masses  i 
rock,  some  of  which  were  of  enormous  size.  It  desolated  the  plains  if 
Martignj,  and  afterwards  passed  on  with  diminishing  velocity  till  it 
entered  the  Rhone,  on  whose  current  the  bodies  of  some  men  wb 
had  been  drowned  were  carried  a  distance  of  about  thir^  miles,  to  tb 
further  side  of  the  lake  of  Geneva,  near  Vevay. 

In  1595,  an  inundation  took  place  in  the  Valley*  of  Bagnes,  oinn( 
to  precisely  the  same  cause  with  that  of  1818.  it  destroyed  thetQ 
lages  situated  on  the  banks  of  the  Drance,  and  carried  away  a  gres 
part  of  the  town  of  Martigny.* 

When  deposits  take  place  of  sand  or  other  substancea,  transpoctod 
by  rivers  into  the  basins  of  lakes,  the  effects  will  be  analogous  to  tbo« 
before  noticed,  as  resulting  from  depositions  on  the  bed  of  the  aes. 
Islands  in  general  will  first  appear  above  the  surface  of  the  wttar. 
which  uniting  with  each  other,  and  iben  with  the  land  constitotia^ 
the  banks  of  the  lake,  must  at  length  produce  a  level  tract,  interaeded 
by  the  stream  to  whose  action  it  owed  its  origin.  Such  fbrmaliaaf 
must  in  most  instances  be  gradual  and  protracted ;  but  indicatkAs  ^ 
their  progress  have  frequently  been  obiserved.  I)e  Saassare,  in  ^ 
"  Travels  among  the  Alps,"  mentions  having  obtained  several  r«j 
fine  views  of  the  Lake  of  Neufchatel*    "  We  were  atruck^"  aays  ^' 

*  Brande*8  Journal  of  Science,  vol.  v.  pp.  879—374 ;  and  Bdinb.  Phfl<* 
Joum.;  vol.i.  p.  187,  &c. 

Mr.  BakeweU,  in  noticing  the  catastrophe  of  1818,  saya,  "  From  tlie  qvaa- 
tlty  of  mud  and  stones  which  the  current  bore  along,  it  resemUed  a  movii^ 
mass  of  stones  and  earth.  An  English  gentleman,  who  was  deaoencHaf  ^ 
valley  at  the  time,  observed  his  horse  exhibit  by  its  motions  great  trepidatte 
of  which  he  could  not  discover  the  cause,  until  a  loud  rushing  nc^  oo* 
sioned  him  to  look  back,  when  he  beheld  what  appeared  like  a  wall,  fflttac^ 
the  bottom  of  the  valley,  and  advancing  rapidly  towards  him.  Re  InalK 
aliffhted,  and  scrambled  up  the  adjacent  rocks,  leaving  his  hone  to  kto  Aft" 
•^Introd.  to  GeoL,  p.  608. 
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"upon  first  beholding  it,  with  the  great  extent  which  it  must  formerly 
have  had ;  for  the  spacious,  marshy,  and  horisontal  meadows  by  whicn 
it  is  bounded  on  the  souUi-west,  have  unqaestionsbly  been  at  some 
period  covered  by  its  waters.  We  shall  have  occasion  to  make  the 
ssme  remark  with  respect  to  the  other  bank  of  the  lake."*  The  allu- 
vial land  here  mentioned,  according  to  De  Luc,  still  increases,  but 
now  very  slowly :  the  first  deposits,  on  the  contrary,  accumulated 
rapidly,  from  the  abundance  of  debris  encountered  by  the  waters 
onginally,  when  likewise  their  courses  were  less  tortuous  than  at 

present,  t 

"  The  higher  part  of  the  Lake  of  Como  is  noarly  filled  up  by 
the  detritus  transported  by  the  Adda  and  Mera.^  llie  former  has 
divided  the  lake  into  two ;  the  smaller  portion  (known  by  the  name  of 
Lago  di  Mesola)  being  so  shallow,  firam  the  united  deposit  of  the 
two  livers  and  some  torrents,  that  aquatic  plants  gprow  through  the 
water  on  the  eastern  part ;  while  on  the  western,  in  which  there  is  a 
greater  depth,  the  process  of  filling  up  is  hastened  by  means  of  stones, 
detached  in  such  numbers,  in  particular  seasons  of  the  year,  from  the 
heights  on  that  side,  that  a  passage  in  a  boat  beneath  the  cliffs  becomes 
exceedingly  hazardous."} 

The  accumulation  of  solid  matter  in  the  basins  of  lakes,  and  the 
gradual  transformation  of  lakes  into  rivers,  are  well  described  by  Pro- 
fessor Playfair,  and  exemplified  in  the  progressive  changes  observable 
in  the  lakes  of  Westmorland  and  Cumberland. ||  But  it  is  unnecessary 
to  multiply  instances  of  such  phenomena,  the  nature  of  which  may  be 
sufficiently  understood  from  the  details  already  given. 

The  destructive  effect  of  water  in  the  degradation  of  the  surface  of 
the  earth,  is  obvious  in  the  occurrence  of  those  phenomena  called 
I^andslips.  Accidents  of  this  sort  may  be  produced  by  the  weight  of 
quantities  of  water  percolating  through  porous  strata,  and  collecting 
in  communicating  cavities  at  various  depths,  in  consequence  of  which 

*  Voyaces  dans  les  Alpes,  sed.  S90. 

t  Treatue  on  Oeolorjr,  p.  I0o. 

t  See  Sections  and  views  Uluitratlve  of  QeOtogical  Phenomena,  by  Mr.  De 
J*  Beche,  pi.  81. 

f  De  la  Heche's  Oeol.  Man.,  p.  fts. 

f  See  Iliastvations  of  the  Huttonlan  Theory  of  the  Xartb,  Edinb.  18M» 
p.  357. 
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thick  masses  of  rocks  may  be  disrupted  by  the  force  of  hydrostatic 
pressure.*  Water  also  may  find  its  way  to  beds  of  argillaceous  or 
calcareous  earth,  between  rocks  composed  of  denser  matter,  higUy 
inclined,  and  producing  disintegration  of  the  connecting  strata,  the  sn- 
perincumbent  masses  may  fall  by  their  own  weight.  Circumstaiiees 
of  this  kind  have  repeatedly  occurred  in  different  parts  of  the  Alps. 
In  1248,  a  portion  of  Mont  Grenier,  south  of  Chambery,  in  Savoj, 
fell,  and  buried  five  parishes,  including  the  town  and  cnorch  of  St 
Andrew,  the  ruins  covering  the  space  of  about  nine  square  miles, 
called  Us  Abyntes  de  Myam  ;  which,  notwithstanding  the  lapse  of  so 
long  a  period,  still  exhibits  a  singular  scene  of  desolation.t  Plenrs,  t 
considerable  town  in  the  Orisons,  with  the  neighbouring  village  of 
Schelaoo,  was  thus  destroyed  August  S6,  1618.  On  that  day  SQ 
inhabitant  entered  the  town,  and  told  his  neighbours  that  he  had  seeo 
the  mountains  cleaving ;  but  he  was  only  laughed  at  for  his  infonns' 
tion.  However,  in  the  evening  the  town  and  all  its  inhabitants,  ez* 
cept  this  person,  were  overwhelmed  by  the  fall  of  a  vast  mass  of  rocl 
from  the  south  side  of  the  mountain  of  Corto,  which  bad  been  loosened 
by  percolated  water.  A  part  of  the  mountain  near  Servos,  on  the  roid 
to  Chamouni,  fell  down  in  1751.  The  descent  of  the  mass  did  not 
take  place  in  this  case  at  once,  as  happened  at  Mont  Orenier ;  for  the 
mountain,  consisting  of  a  succession  of  beds  of  limestone  restiiig'  os 
sandstone,  and  extremely  fragile  schist,  gave  way  by  degrees.  Fff 
many  days  a  succession  of  reports,  like  those  of  cannon,  annoooM^ 
the  continued  fislling  of  the  rocks,  day  and  night ;  and  the  air «« 
filled  with  vast  volumes  of  black  dust,  extending  twenty  miles.  Tb» 
rocks  still  appear  to  be  subject  to  the  constant  action  of  rain  ;  and  a 
1821  Mr.  Bakewell  noticed  appearances  indicating  the  probability  of  < 
renewal  of  the  catastrophe  of  1751.  Three  villages,  with  tibeir  iBt*- 
bitants,  were  entirely  destroyed  in  1772,  when  ike  moontaio  of  Pu 
fell,  in  the  district  of  Treviso,  in  the  Venetian  territory.|  The  M  s^ 
the  mountain  called  Rossberg  or  Ruffiberg,  in  Switzerland,  took  plsn 
September  2, 1806.    It  is  5196  feet  above  the  level  of  the  sea,  and  n 

*  See  Book  of  Science,  part  i.  p.  ISQ. 

t  See  BakewelVs  Introd.  to  6€»1.,  pp.  469—466,  where  the  aoemmt  of  tkt 
fall  of  Mont  Grenier  is  illustrated  by  a  cut^  representing  the  present  itMcd 
the  Abymes  de  Myans, 

t  Malte-Bran*s  Geography,  vol.  i.  p.  438. 


BURSTING   OF   BOGS   AND    MOSSES.  347 

situated  opposite  to  Mont  Righi.    At  fire  in  the  evening,  the  Knip- 
penbuhl  Rock,  which  formed  the  summit  of  the  mountain,  was  on  a 
sadden  detached  from  its  station,  canying  with  it  part  oi  the  moun* 
tain  a  few  feet  in  thickness  on  the  western  side,  and  about  t80  feet  on 
the  eastern  side,  which  rolling  into  the  yalley  that  separates  the  lake 
of  Zug  from  that  of  Lauwerts,  overwhelmed  the  entire  villages  of 
Goldau,  Rothen,  Busingen,  Huezloch,  and  three-fourths  of  £at  of 
Lauwertz.    The  fall  of  a  portion  of  ihe  mountain  into  the  lake  of 
Lauwertz,  filled  up  about  one-fourth  part  of  it,  and  caused  such  an 
inundation  as  overthrew  a  number  of  houses,  chapels,  mills,  and  other 
buildings,  on  the  southern  shore  of  the  lake.  £normou8  masses  of  rock 
are  said  to  have  been  carried  through  the  air  to  prodigious  distances. 
The  rocks  in  falling  brought  down  great  quantities  or  earth,  togeUier 
with  large  blocks  of  flint,  which  were  thrown  on  the  opposite  bcmk  of 
the  lake,  to  the  height  of  from  80  to  100  feet.    In  the  villages  over- 
whelmed not  an  individual  escaped  destruction ;  and  eight  or  nine 
hundred  persons  fell  the  victims  of  this  disaster.    The  structure  of 
the  Rossberg  sufficiently  accounts  for  the  occurrence,  which  General 
PfiflTer  is  reported  to  have  predicted  twenty  years  previously.    Its 
npper  part  is  composed  of  beds  of  a  compound  rock,  formed  from  Ihe 
debris  of  die  Alps  at  an  antecedent  geological  period ;  and  these  being 
porous,  admitted  the  percolation  of  water  arising  from  rain  and  melted 
ice  and  snow,  which  softening  the  clay  between  the  more  solid  strata, 
inclined  at  an  angle  of  about  45^,  a  slide  took  place,  and  they  were 
precipitated  into  Uie  valley  below.*    A  large  portion  of  mountain, 
consisting  of  rooks  and  soil,  covered  with  fir-trees,  separated  from 
Che  highest  region  of  the  Alps,  on  the  4th  of  April,  1818,  near  the 
Tillage  of  Soncebos,  in  the  valley  of  St.  Imier,  in  Switaerland ;  and 
covered  with  its  stupendous  wreck  more  than  three  hundred  paces  of 
the  great  road  to  Bnenne.   A  party  of  travellers  witnessed  this  terrific 
catastrophe,  who,  had  they  been  a  few  moments  later,  would  have  been 
its  victims. t 

Partial  alteiations  of  the  surface  of  a  country  may  be  produced  by 
d^nges  of  mud,  owing  to  the  bursting  of  peat>mosses  and  bogs.  In 
I>6cember,  177t,  Solway  Moss,  having  been  filled  with  water  daring 

*  Nicholson*!  Journal  of  Natural  Philosophv,  8vo,  v6I.  zv.  pp.  150— Itt. 
t  Brandfl^a  Joomal  of  Sdenoe,  voL  v.  p.  fl77. 
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heary  rains,  rose  to  an  nnnsual  faeiglit  and  then  burst.  A  stream  of 
black  thick  mod  flowed  over  the  plain,  like  a  current  of  lava ;  orer* 
whelmine  some  cottages,  and  coyehng  400  acres  of  land ;  but  foitn- 
nateiy  without  occasioning  the  loss  of  human  life.  The  highest  parts  ci 
tiie  original  moss  subsided  about  twentj-five  feet,  and  the  lowest  put 
of  the  country  submerged  was  full  fifteen  feet  deep.* 

A  similar  phenomenon  occurred  more  recently  on  the  confines  of 
Yorkshire  and  Lancashire.  On  the  2d  of  September,  1824,  U 
Haworth,  five  miles  south  of  Keighley,  in  the  West  Riding  of  tfce 
eounty  of  York,  and  on  the  borders  of  Lancashire,  aboat  six  o'doek 
in  the  evening,  a  pert  of  the  highlands  on  the  Stanbury  Moor  opend 
into  a  chasm,  and  sunk  to  the  depth  of  six  yards,  in  some  places  exlu* 
biting  a  ragged  appearance,  and  forming  two  principal  csTities — die 
one  wss  about  two  hundred  yards,  and  the  other  not  less  than  fix 
hundred  yards  in  circumference.  From  these  hollows  issued  two  ia- 
mense  volumes  of  muddy  water,  which  uniting  at  the  distance  ci 
upwards  of  one  hundred  yards  from  their  sources,  oonstitated,  far 
about  two  hours,  an  overwhelming  flood  from  forty  to  fifty  (sometbaei 
seventy)  yards  in  width,  and  seldom  less  than  four  yards  in  depd. 
This  dark  slimy  mixture  of  mud  and  water  followed  the  coarse  of  t 
rivulet,  overflowing  its  banks  for  twenty  or  thirty  yards  on  each  side,  isd 
to  the  distance  of  seven  or  eight  miles  from  the  immediate  eruption;  lU 
this  way  there  was  deposited  a  black  moorish  substsnce,  varying  fros 
eight  to  thirty«siz  inches  in  depth,  and  mixed  occasionaUy  with  sai 
and  rocky  fragments,  pieces  of  timber,  and  uprooted  trees,  whidi  hd 
been  borne  along  by  the  impetuous  torrent.  This  heavy  and  powerfii! 
stream  broke  down  one  solid  stone  bridge,  made  breacbes  in  t«o 
others,  clogged  up  snd  stopped  several  mills,  laid  flat  and  destiu)*^ 
many  fields  of  com,  and  overthrew  to  the  foundation  several  besEB 
and  walls.  In  its  course  it  entered  the  houses,  floating  the  Ibniitut 
about,  to  the  astonishment  and  terror  of  the  inhabitants.  At  the  tae 
of  the  eruption  the  clouds  were  copper-coloured,  snd  lowering ;  the  it* 
mosphere  was  strongly  electric,  and  unususlly  close  and  sakrr- 
There  was  at  the  ssme  time  loud  and  frequent  thunder,  -with  wniA 
sigsag  lightninff,  peculiarly  flaring  and  vivid.  An  hoar  befote  te« 
was  scsrcely  a  breath  of  air  stirring,  but  the  wind  quickly  rose  to  t 

*  L7eU*s  PrinciBles  of  Geology,  vol.  Ui.  p.  13/. 
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hurricane;  and  after  blo?nng  hard  from  six  to  eight  o'clock,  sunk 
again  into  a  profound  calm,  at  which  time  the  heary  rain,  which  had 
continued  all  the  while,  ceased,  and,  with  the  exception  of  a  few 
floating  clouds,  the  sky  was  ?ery  serene.  Part  of  the  torrent  of  mud 
passed  into  the  river  Aire,  rendering  its  stream  turbid  at  Leeds,  and 
causing  the  destruction  of  great  quantities  of  fish.* 

A  still  later  inundation,  from  the  bursting  of  a  peat-moss,  happened 
in  the  county  of  Sligo,  in  Ireland.  After  a  sudden  thaw  of  snow,  in 
January,  1831,  the  bog  between  Bloomfield  and  Geevah  ga?e  way, 
and  a  black  deluge  flowing  in  the  direction  of  a  small  stream,  swept 
along  heath,  timber,  mud,  and  stones,  and  overflowed  several  meadows 
and  tracts  of  arable  land.  Passing  through  a  piece  of  bog,  the  flood 
traced  a  wide  and  deep  ravine,  and  carried  away  completely  two  hun- 
dred yards  of  a  solid  road.t 

The  destructive  action  of  water  in  consequence  of  its  congelatiQH 
by  cold  is  sometimes  exhibited  on  a  very  extensive  scale,  in  cold 
climates  the  disintegration  of  rocks  is  caused  bj  the  freezing  of 
water,  which  having  insinuated  itself  into  crevices  in  its  utmost  state 
of  condensation,  afterwards  expands  in  the  act  of  forming  ice.  Loud 
reports,  owing  to  the  rifting  of  rocks  from  this  cause,  frequently 
attest  the  magnitude  and  violence  of  the  effects  produced ;  and  thus 
large  masses  of  rock  with  superincumbent  glaciers  are  torn  from  the 
summits  and  sides  of  mountains,  and  fall  in  desolating  avalanches 
into  the  vales  below.  When  large  rivers  are  frosen  and  a  sudden 
thaw  comes  on,  great  blocks  of  ice  floating  on  the  swoUen  current, 
may  be  driven  against  its  banks  and  cut  away  from  thepn  considerable 
portions,  which  ndling  into  the  water  may  obstruct  its  passage  and 
cause  floods,  or  even  alter  the  course  of  a  stream.  The  destructive 
operatioos  of  icebergs  when  drifted  against  maritime  clifls  and  preci« 
pices  may  obviously  be  productive  of  considerable  modifications  of  the 
coast  of  a  country,  causing  the  fifill  of  vast  msesee  of  rock  and  soil,  to 
be  afterwards  disintegrated  and  scattered  by  the  waves  of  the  sea. 

The  influence  of  waves,  breakers,  and  ocean  currents,  both  in  the 
degradation  of  land  and  in  the  formation  of  new  strata  beneath  the 
water,  contributes,  perhaps,  more  than  any  other  cause,  to  the  idtera* 

*  Times  Newspaper. 

t  Lyell's  Prindples  of  Geology,  u.  a. 
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tio&s  that  are  taking  place  on  the  anperfiees  of  the  earth.  Thni 
deatmctiye  effect  is  more  immediately  obvious  when  they  act  on  cU& 
composed  more  or  less  of  soft  materials,  and  rising  somewhat  abmpdy 
above  the  level  of  the  sea ;  and  hence  Ihe  configuration  of  coasts  will 
greatly  depend  on  the  relative  hardness  of  the  rocks  of  which  they  an 
composed.  Thus  the  waves  sometimes  form  bays  or  inlets  by  wsah* 
ing  away  portions  of  land ;  and  where  their  action  is  resisted  hy  more 
dense  materials,  they  produce  only  a  partial  effect.  Yet  the  mott 
solid  rocks  may  in  time  give  way,  and  in  the  pr(^ess  of  destructioQ» 
influence  the  formation  of  ocean  caves,  or  produce  detached  masses 
rising  from  the  bosom  of  the  deep,  and  presenting  a  variety  of  £u> 
tastic  forms. 

Dr.  Hibbert,  enumerating  the  effects  of  the  waves  on  the  coasts  of 
the  Shetland  Islands,  says,  "  The  most  sublime  scene  is  where  t 
mural  pile  of  porphyry,  escaping  the  process  of  disintegration  that  b 
devastating  the  coast,  appears  to  have  been  left  as  a  sort  of  r«B> 
part  against  the  inroads  of  the  ocean;  the  Atlantic,  when  pro- 
voked by  wintry  gales,  batters  against  it  with  all  the  force  of  reii 
artillery,  the  waves  having,  in  their  repeated  assaults,  forced  them- 
selves an  entrance.  This  breach,  named  the  Grind  of  the  Navir,  i» 
widened  every  winter  by  the  overwhelming  surge  that,  fi««|iTigr «  pu. 
sage  through  it,  separates  large  stones  from  its  sides,  and  forces  tbea 
to  a  distance  of  no  less  than  180  feet.  In  two  or  three  spots,  t^^ 
fragments  that  are  detached  are  brought  together  in  immense  heaps, 
that  appear  as  an  accumulation  of  cubical  masses,  the  product  of  soee 
quarry."* 

The  same  writer  gives  instances  of  the  destruction  of  islands,  *'  lOu 
at  last  they  become  mere  clusters  of  rocks,  the  last  shreds  of  masss 
once  continuous."  Such  was  the  origin  of  the  granitic  rocks  calkc 
tfieDrongs, between  Papa  Stour  and  Hillswick  Ness;  and  (^aaiii^akr 
duster  of  rocks,  of  a  similar  nature,  to  the  south  of  the  latter  islasi 

The  power  of  the  sea  when  agitated  is  especially  remarkabk  s 
overturning  and  drifting  vast  blocks  of  solid  rook.  Stevansa 
states  that  at  the  depth  of  two  hundred  feet  the  action  of  the  aea  » 
sufficient  to  break  rocks  in  pieces,  and  throw  them  upon  the  coasts  a 
masses  of  various  forms  and  dimensions.    He  observes  that  **  sfi- 

•  Descrliition  of  the  Shetland  Islands,  Edink  18SS»  p.  6S8. 
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meroQS  pioofe  of  the  sea  being  disturbed  to  a  considerable  depth  have 
oeeorred  since  the  erection  of  the  Bell  Rock  Ughthonse,  sitaated 
upon  a  sunken  rock  in  the  sea,  twelve  miles  off  Arbroath,  in  For^ 
fushire.  Some  driftstonea  of  large  dimensioos,  measuring  upwards 
of  thirty  cubic  feet,  or  more  than  two  tons  weight,  have,  during 
storms,  been  often  thrown  upon  the  rock  from  the  deep  water.  These 
large  boulderstones  are  so  fSamiliar  to  the  Ughthouse-keepers  at  this 
station,  as  to  be  by  them  tenned  travellers."  * 

I  The  effects  of  the  more  protracted  action  of  waves  and  breakers  is 
abundantly  remarkable  on  various  parts  of  the  English  shores,  and  in 
few  situations  more  so  than  on  those  of  Suffolk.    The  gradual  de- 
struction of  the  once  extensive,  flourishing,  and  populous  city  of  Dun* 
wich,  has  been  noticed  by  several  writers.    "  Gardner,  in  his  history 
of  tbe  borough,  published  in  1754,  shows,  by  reference  to  documents, 
beginning  with  Domesday  Book,  that  the  cufis  at  Dunwich,  South- 
wold,  Eastern,  and  Pakefield,  have  been  always  subject  to  wear  away. 
At  Dunwich  in  particular,  two  tracts  of  land  which  had  been  taxed  m 
the  eleventh  century,  in  tibe  time  of  King  Edward  the  Confessor,  are 
mentioned  in  the  Conqueror's  survey,  made  but  a  few  years  after* 
wards,  as  having  been  devoured  by  the  sea.    The  losses,  at  a  subse- 
quent period,  of  a  monastery — at  another  of  several  churches — after- 
wards of  the  old  port — then  of  four  hundred  houses  at  once— of  the 
church  of  St.  Leonard,  the  high  road,  town-hall,  the  gaol,  and  many 
other  bmldings,  are  mentioned,  with  the  dates  when  they  perished.  It 
is  stated  that  in  the  sixteendi  century,  not  one  quarter  of  the  town 
was  left  standing ;  yet  the  inhabitants,  retreating  inland,  the  name  was 
preserved,  as  has  been  the  case  with  many  ouer  ports,  when  their 
ancient  site  has  been  blotted  out.    There  is,  however,  a  church  of 
oonaiderable  antiquity  still  standing,  the  last  of  twelve  mentioned  in 
mome  records.    In  1740,  the  laying  open  of  the  churchyard  of  St. 
Nicholas  and  St.  Francis,  in  the  sea  clifis,  is  well  described  by 
Oardner,  with  the  coffins  and  skeletons  exposed  to  view-^some 
1  jing  on  the  beach,  and  rocked 

'  In  cradle  of  the  rude  impetuous  surge.' 

Of  these  cemeteries  no  remains  can  now  be  seen.    Ray  also  says, 

*  See  M«noirs  of  the  Wemerlan  Society,  yd.  iU. 
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'  that  ancient  writinga  make  mention  of  a  wood  a  mile  and  a  half  to 
the  eaat  of  Dunwich,  the  aite  of  which  must  at  present  be  ao  farwidaa 
the  aea.'*  Thia  city,  once  ao  flourishing  and  populous,  is  now  t 
small  village,  with  about  twentj  houses,  and  one  handled  inhi> 

bitants."! 

The  action  of  tides  and  currents  must  be  taken  into  the  account,  in 
estimating  the  influence  of  the  aea  in  producing  modificationa  of  the 
surface  of  the  globe.  Tidea  are  chiefly  felt  on  the  coasts,  and  their 
effects  must  be  in  a  great  degree  aimilar  to  those  above  deacribed ;  but 
the  operation  of  currents  may  cause  a  variety  of  changes  in  the  bed  of 
the  sea,  in  aome  placea  scooping  out  hollows,  and  in  others  heaping 
up  wide  tracts,  or  where  from  particular  causes  their  direction  has 
undergone  alteration,  sweeping  away  and  dispersing  the  sand-beds 
produced  by  former  currents.  There  are  currenta  of  various  deacrip* 
tions,  the  most  important  being  those  which  appear  to  be  permanflot 
Such  are  the  Gulf  Stream,  and  other  branchea  of  the  great  equinoctial 
current ;  the  Polar  or  Greenland  current,  flowing  strongly  throogb 
Hudson's  Bay  and  Davis's  Strait ;  a  current,  which  sets  eastward  into 
the  Mediterranean  Sea ;  and  anodier  that  flows  out  of  the  Baltic,  into 
the  German  Ocean.  Besides  these,  there  are  a  considerable  nnmbei 
of  periodical  and  temporary  currents,  the  transporting  power  and 
effects  of  which  must  vary  with  circumstances. 

Such  are  some  of  the  more  general  and  widely- operating  canses  of 
the  modifications  of  the  earth's  surface,  which  have  taken  place  witiin 
the  period  of  historical  record ;  but  there  are  others,  which  are  rathff 
of  a  local  nature,  though  their  eflects  may  in  aome  caaes  be  very  ex* 
tensive,  and  are  often  extremely  striking  and  important.  Amen; 
these  are  chemical  deposits  from  fresh  water,  marine  formationa,  eitlbe 
irom  chemical  deposition  or  the  work  of  coral  polypes ;  and  vokana 
and  earthquakes.  All  these  are  highly  interesting,  and  might  fbiniai 
materials  for  several  volumes ;  but  among  the  numerous  topics  tbtf 
remain  to  be  considered,  they  can  here  only  obtain  a  paaaing  notioe. 

Some  thermal  springs  contain  siliceous  earth,  held  in  solution  V 
their  waters,  and  deposited  on  cooling.  Such  are  the  Gejaers  ^ 
Iceland,  previously  mentioned.    Their  deposits  extend  OT«r  an  aie> 

*  Consequences  of  the  Delugre— Physico-Theologrical 
t  Lyell's  Principles  of  GeoLogrr,  vol.  i.  PP'  'tOS,  404. 
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of  about  half  a  mile  in  diameter ;  and  from  the  depth  of  a  cleft  near 
the  Great  Geyser,  the  siliceous  matter  appears  to  be  more  than  twelve 
feet  in  thickness.    The  hot  springs  of  Furnas,  in  the  volcanic  district 
of  St.  Michael,  one  of  the  AsBores,  deposit  large  quantities  of  clay  and 
silex,  enveloping  grass,  leaves,  and  other  vegetable  bodies.     Dr. 
Webster  found  **  branches  of  the  ferns  which  now  flourish  in  the  island 
completely  petrified,  preserving  the  same  appearance  as  when  vege- 
tating, excepting  the  colour,  which  is  now  ash-grey.     Fragments  of 
wood  occur,  more  or  less  changed  ;  and  one  entire  bed,  from  three  to 
five  feet  in  depth,  is  composed  of  the  reeds  so  common  in  the  island, 
completely  mineralized,  the  centre  of  each  joint  being  filled  with  deli- 
cate crystals  of  sulphur."*     The  deposits  are  both  abundant  and 
various,  frequently  forming  horizontal  strata.     In  the  cavities  of  the 
deposits  occur  siliceous  stalactites  often  two  inches  long,  and  covered 
with  small  brilliant  quartz  crystals.     Compact  masses,  broken  from 
various  causes  and  cemented  again  by  siliceous  matter,  form  breccia, 
the  elevations  of  which,  in  some  places.  Dr.  Webster  estimates  at  more 
than  thirty  feet. 

There  are  hot  springs  at  Washita,  in  North  America,  in  a  non-vol- 
canic district,  which  deposit  a  very  copious  sediment,  consisting  of 
silex,  lime,  and  iron ;  and  the  thermal  springs  of  Pinnarkoon  and 
Loorgootha,  in  the  East  Indies,  contain  silica  and  various  salts  of 
soda. 

Travertin,  or  calcareous  tufa,  is  another  deposit  from  springs ;  and 
though  it  is  most  common  in  limestone  districts  it  is  by  no  means 
confined  to  them,  occurring  indiscriminately  in  all  rock  formations. 
Id  Auvergne,  in  France,  where  the  primary  rocks  are  unusually  desti- 
tute of  limestone,  springs  abundantly  charged  with  carbonate  of  lime 
rise  up  through  the  granite  and  gneiss.    Again,  in  the  valley  of  tlie 
£lsa,  which  skirts  the  Apennines  in  Italy,  are  innumerable  springs, 
vrhich  have  thrown  down  such  calcareous  precipitates,  that  the  whole 
ground  in  some  parts  of  Tuscany  is  coated  with  travertin,  and  sounds 
hollow  under  foot*    A  most  striking  instance  of  the  rapid  deposit  of 
carbonate  of  lime  from  thermal  waters  may  be  observed  in  the  hill  of 
San  Vignone,  near  Radicofani,  and  a  few  hundred  yards  from  the 
high^  road  between  Sienna  and  Rome.    A  large  mass  of  travertin  de- 

*  Edinburgh  Philos.  Joom.,  vol.  vi.    ' 
9  a 
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scends  the  hiU  from  the  point  whence  the  spring  issaes  to  the  hank  of 
the  river  Orcia,  a  distance  of  250  feet,  forming  a  mass  of  yaiyine 
thicknesB,  hut  sometimes  200  feet  in  depth ;  and  on  the  other  side  ot 
the  hill  a  similar  deposit  extends  ahout  half  a  mile  in  parallel  stnU. 
one  of  which  is  15  feet  thick,  and  constitutes  excellent  building  8ton<> 
Thermal  springs,  which  yield  calcareous  deposits,  are  found  in  ssTenl 
parts  of  Italy,  as  the  famous  hatha  of  San  Filippo,  on  a  hill  a  fev 
miles  from  tiiat  last  mentioned ;  the  Bulicami,  or  hot  hatha,  in  the 
▼icinit^  of  Viterbo ;  a  thermal  spring,  lately  discovered  near  Ciriti 
Vecchia,  which  forms  alternate  heds  of  a  yellowish  travertin,  and  t 
white  granular  rock,  resembling  statuary  marble ;  the  Lake  of  Sold- 
tara,  in  the  Campagna  between  Rome  and  Tivoli ;  and  calcaieoBS 
fonnations  are  taking  place  in  the  waters  of  the  river  Velino,  at  Terai 
and  in  those  of  the  Anio,  which  produces  the  travertin  of  TivolL* 
Calcareous  deposits  from  springs  have  been  noticed  in  Bohemia,  Hsb- 
gary.  Mount  Caucasus,  Persia,  and  in  various  other  parta  of  theworl^ 
Mr.  Mantell  mentions  an  incrusting  or  lapidesoent  spring,  at  Poaott' 
ford,  in  Sussex ;  t  and  such  occur  in  Gloucestershire,  and  in  oder 
districts  where  diere  are  formations  of  limestone. 

Precipitates  of  carbonate  of  lime  are  produced  from  the  waten  x 
some  Ifdces ;  but  there  are  others  which  yield  deposita  of  a  differts^ 
nature,  though  on  a  comparatively  contracted  scale,  fiog-iron  ore  i« 
sometimes  found  at  the  bottom  of  lakes  and  peat-mosses ;  and  » 
origin  is  somewhat  problematical.  *'  It  has  been  suggested  that  v*- 
being  soluble  in  acids,  may  be  diffused  through  the  whole  antf  ' 
vegetables  when  they  decay  in  a  bog,  and  may,  by  its  sapenor  apccsv 
gravity,  sink  to  the  bottom,  and  be  there  precipitated  so  sa  to  iff 
bog-iron  ore ;  or  where  there  is  a  sub-soil  of  sand  or  giard*  it  ^ 
'  cement  them  into  ironstone,  or  ferruginous  conglomerate."  X 

In  salt  lakes  considerable  depoeitions  of  salt  (chloride  of  sodiiB 
take  place ;  and  such  collections  of  water  being  dried  up  or  dniw^ 
the  sides  and  bottoms  of  the  basins  are  found  incrusted  with  fl^ 
sometimes  constituting  beds  alternating  with  beds  of  clay.    In  S«^ 


*  See  Lyen»8  Princ.  of  Geol.,  vol.  i.  pp.  896— SIO. 
t  Geologry  of  the  South-East  of  Engrland,  1883.  p.  S93. 
t  Lyell*8  Princ.  of  Geol.,  vol.  ill.  p.  SSI.    See  Rev.  Dr.  Rcnnle^  ftM!«  • 
It  eat,  p.  347. 
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Africa  salt  is  obtained  from  such  natural  basins ;  and  bay  salt  is  the 
product  of  salt-pans  or  basins  formed  by  art. 

Carbonate  of  soda  is  precipitated  in  considerable  quantities  from 
the  waters  of  a  lake  in  Venezuela;*  and  similar  deposits  occur  in 
other  places. 

Gypsum,  or  sulphate  of  lime,  which  forms  one  of  the  beds  in  the 
great  Paris  basin,  and  must  therefore  have  been  deposited  most  co* 
piously  at  some  distant  period,  now  appears  to  be  confined  to  a  very 
few  springs.  Those  at  Baden,  near  Vienna,  which  supply  the  public 
bath,  may  be  cited  as  examples.  Some  of  tbem  yield  from  600  to 
1000  cubic  feet  of  water  an  hour,  and  throw  down  a  fine  powder, 
consisting  of  a  mixture  of  sulphate  of  lime  with  sulphur  and  muriate 
of  lime  (chloride  of  calcium).t 

In  the  island  of  Trinidad  there  is  an  extensive  pitch-lake,  the  sur- 
face of  which  in  wet  weather  is  sufficiently  hard  to  support  heavy 
weights ;  but  durine  the  heatff  it  approaches  to  a  state  of  fluidity.  This 
phenomenon,  together  with  the  existence  of  springs  of  naphtha  and 
asphaltum  in  different  quarters  of  the  globe,  may  serve  in  some  mea- 
sure to  elucidate  the  origin  of  bituminous  shales,  which  occur  in  the 
geological  formations  of  different  ages. 

The  destructive  influence  of  the  waves  of  the  sea  is  frequently 

exerted  within  the  range  of  observation,  so  that  we  may  in  many  cases 

be  able  to  appreciate  the  effect  produced  with  tolerable  accuracy.   But 

the  formative  or  constructive  operations  of  the  ocean,  which  are  carried 

on  upon  the  most  extensive  scale,  are  in  general  entirely  hidden  from 

oar  view.     We  have  abundant  reason  to  believe  that  many  of  the 

strata  which  compose  the  crust  of  the  terrestrial  globe  were  formed  by 

deposition  from  sea-water,  and  that  analogous  formations  are  now  in 

progrem ;  but  with  respect  to  the  latter,  we  are  obliged  to  speculate  in 

the  dark,  those  processes  of  nature  in  general  taking  place  at  un- 

Ihtbomable  depths  beneath  the  surface  of  the  ocean.    "  As  dwellers  on 

the  land,  we  inhabit  about  a  fourth  part  of  the  earth's  surface ;  and 

tbat  portion  is  almost  exclusively  the  theatre  of  decay,  and  not  of  re- 

*  A  carious  aooount  of  the  manner  in  which  soda  is  collected  Arom  this 
jjike  hy  the  Indians,  written  by  M.  Palado  Faxar,  may  be  found  in  Brande*8 
joam.  of  Science,  vol.  i.  p.  188,  tee. 

t  Lyell'i  Princ.  of  OeoL,  vol.  i.  p.  811  j  from  Essai  but  la  Constitntion  Phy- 
dqae  da  Bassin  de  Vienna,  par  C.  Prevost,  p.  le. 
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production.  We  know,  indeed,  that  new  deposits  are  annnaOjfenned 
in  seas  and  lakes,  and  that  every  year  some  new  igneous  rocks  sre 
produced  in  the  bowels  of  the  earth,  but  we  cannot  watch  the  progress 
of  their  formation  ;  and  as  they  are  only  present  to  our  minds  by  die 
aid  of  reflection,  it  requires  an  effort  both  of  the  reason  and  the  imagi- 
nation to  appreciate  duly  their  importance.  It  is  therefore  not  sur- 
prising that  we  imperfectly  estimate  the  result  of  operations  invisible 
to  us  ;  and  that,  when  analogous  results  of  some  former  epoch  are  pre- 
sented to  our  inspection,  we  cannot  recognise  the  analogy.  He  who 
has  observed  the  quarrying  of  a  stone  from  a  rock,  and  has  seeo  it 
shipped  for  some  distant  port,  and  then  endeavours  to  conceive  wlia 
kind  of  edifice  will  be  raised  by  the  materials,  is  in  the  same  predica- 
ment as  a  geologist,  who,  while  he  is  confined  to  the  land,  sees  dif 
decomposition  of  rocks,  and  the  transportation  of  matter  bj  rivers  to 
the  sea,  and  then  endeavours  to  picture  to  himself  the  new  sttta 
which  Nature  is  building  beneath  the  waters.'** 

The  rocks  formed  under  the  surface  of  the  sea  originated  either  fm 
mechanical  deposition,  or  from  chemical  precipitation.  Tlioae  of  th 
foriher  class  are  numerous,  including  most  of  the  stratified  rocks  whirb 
inclose  sea-shells,  fragments  of  corals,  and  other  exuviae  or  bones  <d 
marine  animals.  Among  those  of  the  latter  class,  some  geologistt 
have  reckoned  even  granite,t  the  origin  of  which,  as  well  as  that  of  tfi 
other  unstratified  rocks  has,  however,  been  more  generally  asoibed  t» 
igneous  fusion  and  consolidation.  Most  of  the  calcareous  rocks  cofr 
taining  marine  shells,  must  have  been  produced  under  the  influence  «i 
chemical  affinity ;  and  of  this  nature  are  the  formations  which  are  oc- 
casionally observed  to  take  place  on  the  sea-coasts.  CoUectioas  d 
perfect  and  broken  sea-shells  and  corals  are  sometimes  ocmacrfidatti 
by  the  precipitation  of  calcareous  and  ferruginous  matter,  oonstittttiaf 
banks  or  beds  of  considerable  extent;  and  such  masses  contaiiuBf 
shells  occur  on  various  parts  of  the  shores  of  Great  Britain.    Siaahi 

*  Lycirs  Princ.  of  Geol.,  vol.  i.  pp.  117, 118. 

t  "  The  strata  of  granite,"  says  De  Luc,  "  evidently  produced  by  dkoniai 
deposition  from  a  liquid,  form,  as  I  have  said,  the  most  ancient  nKMramcst^ 
the  action  of  physical  causes  on  our  globe." — Eietnent.  lYeat,  on  Gtoi^  p.4l> 
This  writer,  however,  doubtless  imagined  the  primitive  oceao  (capiMe  c^ 
holding  in  solution  the  substances  which  constitute  granite)  to  have  bees  i 
liquid  of  a  different  nature  from  the  waters  of  the  present  ocean. 


tORAL   ROC&S    AND   ISLANDS.  357 

conglomerates,  including  both  shells  and  corals,  are  not  uncommon 
around  some  of  the  islands  in  the  West  Indies.  At  Guadaloupe 
human  bones  have  been  found  imbedded  in  a  rock  of  this  kind,  whence 
were  obtained  two  imperfect  human  skeletons,  one  preserved  at  the 
British  Museum,  and  the  other  in  the  Museum  of  Natural  History, 
at  Paris ;  and  from  the  occurrence  of  these  bones  and  other  circum- 
stances, may  be  inferred  the  comparatiyely  modem  origin  of  the  rock 
in  question. 

Among  the  marine  formations  there  are  few  more  curious  or  inte- 
resting than  coral  reefs  and  islands,  which  to  a  certain  extent  are  con- 
structed by  different  kinds  of  polypiferous  zoophytes,*  or  minute 
animals,  for  whom  the  coral  tubes  serve  as  habitations.  It  has  been 
supposed  that  the  coral  rocks  descend  in  perpendicular  columns  to 
the  bed  of  the  ocean,  and  cover  millions  of  acres  of  the  Pacific  ;t  but 
though  the  extent  of  such  formations  is  very  considerable,  it  appears 
to  have  been  overrated. 

M.  Chamisso,  who  accompanied  as  a  naturalist  the  expedition  of 
discovery  sent  out  by  the  Russian  government,  under  the  command  of 
Captain  Kotzebue,  visited  several  groups  of  coral  islands,  arranged  in 
a  circular  or  ovd  form,  with  openings  among  them  which  afforded 
access  to  the  interior  basin.  These  islands  seemed  to  be  only  the 
upper  portions  of  ridges  of  unequal  heights,  on  the  inside  of  which, 
towards  the  basin  or  laeoon,  where  there  is  still  water,  the  smaller  and 
more  delicate  kinds  of  poljrpes  carry  on  their  operations,  while  the 
stronger  species  live  and  work  on  the  exterior  margin  of  the  bank, 
against  which  a  great  surf  usually  breaks,  lliese  creatures  leave  off 
building  as  soon  as  their  structures  reach  such  a  height  as  to  be  left 
almost  dry  at  the  lowest  ebb  of  the  tide.  A  continuous  mass  of  soh'd 
stone  is  seen  composed  of  shells  of  molluscs  and  echini,  with  their 

*  "  Of  the  nnmeroofl  species  of  zoophytes  which  are  enga^red  in  the  pro- 
duction of  coral  banks,  some  of  tiie  most  common  belong  to  the  genera  Afean 
drina,  Carjfophillia,  anAAttrea,  bat  especially  the  latter."— X^ye/rj  Princ.  of 
G^i't  ▼ol.  iii.  p.  221. 

t  '*  The  reefs  in  the  Pacific  are  sometimes  of  great  extent :  tiius  the  inhsr- 
bf  tants  of  Disappointment  Islands,  and  those  of  DoiTs  Group,  pay  visits  to 
eacb  other  by  passing  over  long  lines  of  reefii  from  island  to  island,  a  distance 
of  six  hundred  miles  and  upwards.  When  on  their  route,  they  present  the 
appearance  of  troops  marching  upon  the  surface  of  the  ocean.**— LyeM*« 
j»rittc.  of  GeoL,  vol.  lU.  p.  235 ;  from  Malte-Bron's  Geography. 
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brok^n-off  pricklei  and  fragments  of  coral  cemented  by  calcareooi 
matter.  Tne  ridge  is  raised  by  fragments  of  corals  thrown  up  by  tbe 
waves,  till  it  becomes  so  high  as  to  be  coyered  only  by  high  tidee  tad 
at  certain  seasons.  Masses  of  the  stone  thus  formed  are  sometina 
separated  and  thrown  upon  the  surface  of  the  reef,  so  as  graduallj  to 
augment  its  elevation.  The  caloareoes  sand  on  the  top  now  furaubes 
a  soil  in  which  seeds  of  trees  and  plants  brought  by  the  waves  vege- 
tate rapidly,  and  overshadow  its  daoling  white  surface.  **  Eiidre 
(trunks  of  trees,  which  are  carried  by  the  rivers  from  other  ooontnei 
and  islands,  find  here  at  leng^  a  resting-place  after  thor  long  wift* 
darings :  with  these  come  some  small  animals,  such  as  liaaids  and  u- 
sects,  as  the  first  inhabitants.  £ven  before  the  trees  form  a  wood,  d» 
sea-birds  nesde  here ;  strayed  land-birds  take  refuge  in  tfie  bo^: 
and  at  a  much  later  period,  when  the  work  has  been  long-  sinoe  eoa- 
pleted,  man  appears,  and  builds  his  hut  on  the  fruitful  aoil."* 

MM.  Quoy  and  Gaimard,  who  sailed  in  the  French  ezpeditieft 
more  recently,  under  Captain  Freycinet,  also  examined  with  attends 
tbe  coral  rocks  and  islands ;  and  they  were  led  to  conclude  Aat  t^ 
polypiferous  zoophytes  do  not  begin  building  from  any  oonsBiienli^ 
depths  below  the  surface  of  the  sea,  but  merely  produce  inemstatiiai 
a  few  fathoms  in  thickness ;  and  that  the  appearance  of  tbeae  leefr  c-' 
islands  depends  on  the  inequalities  of  the  mineral  maoeoe  hnnneth  6* 
circular  form  of  many  of  them  indicating  their  foundation  on  the  eKS 
of  submarine  craters.  It  is  supposed  that  those  specioe  o£  aaiBs** 
which  chiefly  contribute  to  the  formation  of  coralline  islands  do  e 
live  in  water  at  the  depth  of  more  than  30  feet ;  though  the  hfaack 
corals  have  been  brought  up  in  sounding  off  Cape  Horn,  in  aboat ." 
fathoms  water,  and  Retepone  have  been  found  as  low  as  lOO  fitks^ 
but  these  do  not  form  solid  masses,  though  the  ruins  of  ^bmt  hafc^ 
tioas  might  in  time  compose  baiJEs  that  would  serve  as  platibi* 
which  the  other  species  might  make  tbe  foondations  of  their  mtan^ 
pact  structures. 

Observations  were  made,  during  the  recent  voyege    of  C^ 
Beechey  to  the  Pacific,  whence  it  may  be  inferred  tfaet  the  ^evafiff 
coral  rocks  proceeds  in  general  very  slowly ;  but  a  curious  cnrv 

*  Lyell's  Princ.  of  Geol.,  vol.  iii.  pp.  231,  S2S ;  fh>m  Kota^ae^  T^np' 
1815—1818,  vol.  iii. 
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stance  noticed  by  Mr.  Llovd,  while  engaged  in  his  survey  of  the 

Isthmai  of  Panama,  shows  that  bodies  cast  on  submarine  banks,  where 

the  cond  animals  are  at  work,  may  be  very  speedily  cemented  to  the 

surface,  and  a  considerable  increase  of  height  may  hence  take  place  in 

a  short  time.    This  gentleman,  "  seeing  some  beautiful  poljrpifers  on 

the  coast,  detached  specimens  of  them ;  and  it  being  inconvenient  to 

take  them  away  at  the  time,  he  placed  tiiem  on  some  rocks  or  other 

corals,  in  a  shdtered  and  shallow  pool  of  water.  Returning  to  remove 

them  a  few  di^s  afterwards,  it  was  found  that  they  had  secreted  stony 

matter,  and  fixed  themselves  firmly  to  the  bottom.    Now  this  property 

must  greatly  assist  in  the  formation  of  solid  coral  banks ;  for  if  pieces 

of  live  corals  be  struck  off  by  the  breakers,  and  thrown  over  into  calm 

water  or  holes,  they  would  affix  themselves,  and  add  to  the  solidity  of 

the  mass."  * 

It  has  been  the  subject  of  curious  speculation  whence  the  coral 
polypifers  and  testaceous  mollusca  can  obtain  the  vast  quantities  of 
carbonate  of  lime,  which  they  secrete  to  form  the  envelopes  by  which 
thay  are  proteoted.  Mr.  Baxewell  considers  it  as  more  than  probable 
tliat  they  nave  the  extraordinary  faculty  of  producing  lime  from  simple 
elements  ;t  and  Dr.  Macculloch  seems  disposed  to  impute  its  origin, 
in  the  same  manner,  to  the  influence  of  vital  energy,  in  combining 
elementary  bodies.^  If  this  were  admitted,  it  would  follow  that  the 
quantity  of  lime  on  the  surface  of  the  earth  must  be  progressively  in- 
creasing, unless  it  be  supposed  that  other  natural  processes  are  reffu- 
f  arl^  taking  place  for  the  decomposition  of  calcareous  earth,  or  ratow 
of  Its  uetallio  basis  calcium. 

Mr.  L3rell,  in  oppoaition  to  this  doctrine,  says,  "  We  see  no  reason 
for  auppodng  that  the  lime  now  on  the  surface,  or  in  the  crust  of  the 
earth,  may  not,  as  well  as  the  silex,  alumine,  or  any  other  mineral  sub* 
stance,  have  existed  before  the  first  org^ic  beings  were  created,  if  it 
be  aaaomed  that  the  arrangement  of  the  inorganic  materials  of  our 
plaoet  preceded  in  the  order  of  time  the  introduction  of  the  first 
yrgBnic  inhabitants/' $  He  adds,  in  reference  to  the  abundance  of 
carbonate  of  lime  fnriushed  by  springs  which  rise  through  granite, || 

«  De  la  Beche*8  Oeolor.  Man.,  p.  105. 

t  See  Introdoction  to  Geology,  chap.  vi.  p.  lio. 

t.  System  of  Qeotofy,  vol.  i.  p.  S19. 

^  FrindpleaorGeology,  vol.  Ui.  pp.  S4 1,843.        0  See  before,  p.  320. 
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"  But  if  the  carbonate  of  lime  secreted  by  the  testaoea  and  corals  of 
the  Pacific,  be  chiefly  derived  from  below,  and  if  it  be  a  very  genenl 
effect  of  the  action  of  subterranean  heat  to  subtract  calcareous  matto 
from  the  inferior  rocks,  and  to  cause  it  to  ascend  to  the  surface,  no  v* 
gument  can  be  derived  in  favour  of  the  progressive  increase  of  line- 
stone  from  the  magnitude  of  coral  reefs,  or  the  greater  propoitioii  of 
calcareous  strata  in  the  more  modem  formations.  A  constant  transfer 
of  carbonate  of  lime  from  the  inferior  parts  of  the  earth's  crust  to  its 
surface,  would  cause  throughout  all  future  time,  and  for  an  indefinite 
succession  of  geological  epochs,  a  preponderance  of  calcareous  matter 
in  the  newer,  as  contrasted  with  the  older  formations."  * 


Earthquakes  and  Voleanos* 

There  are  many  circumstances  which  indicate  such  a  connezioa  be- 
tween earthquakes  and  volcanos,  as  may  warrant  the  condoaaoa  tbt 
they  depend  on  the  same  general  cause.  Both  these  phenomena  v 
manifestly  owing  to  the  agency  of  subterranean  heat.  Volcanic  enp- 
tions  of  lava  in  a  state  of  igneous  fusion,  of  red-hot  stones  and  asks. 
and  of  columns  of  steam,  vSord  sufficient  evidence  of  the  very  he 
temperature  that  must  subsist  in  the  interior  of  the  earth.  The  pa^ 
nomena  of  earthquakes,  also,  which  seem  to  be  owing  to  the  soddff 
expansion  of  gases,  vapours,  and  perhaps  of  solid  matter,  dsq>hr 
equally  characteristic  effects  of  the  infiuence  of  internal  heat. 

Earthquakes  and  volcanos  frequently  happen  at  the  same  time ;  c 
indeed  an  eruption  of  lava  from  a  burning  mountain,  eren  when  c«c- 
paratively  inconsiderable,  can  hardly  take  place  without  some  egitac 
of  the  surface  of  the  surrounding  country ;  every  volcanic  paroxys 
therefore,  is  probably  attended  with  an  earthquaJce,  and  the  exteat 
the  commotion  is  usually  proportioned  to  the  violence  of  toIcc^ 
action.  Those  countries  in  which  there  are  volcanos  are  more  t> 
quently  visited  by  earthquakes  than  such  as  are  distant  from  tks 
But  the  latter  are  by  no  means  exempt  from  such  visitations.  JnA»- 
there  is  perhaps  no  part  of  the  earth's  surfieu^e  that  may  not  be  ccc*- 
sionally  shaken ;  though  there  are  many  in  which  the  experieoo  - 

*  Principles  of  Geology,  u.  a. 


PHENOMENA  OF  EARTHQUAKES.         361 

ages  has  led  the  inhabitants  to  regard  such  phenomena,  so  far  as  re- 
lates to  themselves,  rather  as  objects  of  curiosity  than  of  alarm.    Next 
to  those  countiies  which  ue  Uie  seats  of  open  or  extinct  volcanos, 
mountainous  districts,  and  especially  those  consisting  of  primary 
rocks,  are  the  most  frequent  scenes  of  earthquakes  ;  though  secondary 
9)id  tertiary  hills,  wide  level  tracts,  marshes  but  little  above  the  sea, 
sandy  deserts  and  fertile  fields  are  more  or  less  exposed  to  their  de- 
structive operation.    They  occur  in  all  climates,  cold,  temperate,  or 
tropical ;  as  is  also  the  case  with  volcsnos.    Both  kinds  of  phenomena 
appear  to  be  more  prevalent  near  the  sea-coast  than  elsewhere :  thus 
Syria,  the  coasts  and  islands  of  Asia,  America,  the  countries  border- 
ing on  the  Mediterranean,  and  Iceland,  have  been  repeatedly  devas- 
tated by  them ;  while  the  plains  of  Asia,  Africa,  and  the  north  of 
Europe,  experience  comparative  security.    The  occurrence  of  earth- 
quakes is  by  no  means  uufrequent.    Mr.  Lyell  observes,  that  Von 
Hoff  has  published  from  time  to  time,  in  a  German  jouroal,  lists  of  the 
earthquakes  which  have  happened  since  1831 ;  and  from  these  it 
appears,  that  every  month  has  been  signalized  by  one  or  more  convul- 
sions in  some  part  of  the  globe.*    The  recurrence  of  earthquakes, 
either  where  they  are  common  or  where  they  are  slight  and  uufre- 
quent, has  not  been  observed  to  take  place  at  any  particular  periods, 
nor  to  be  influenced  by  the  seasons  of  the  year,  and  they  happen  some- 
times by  day  and  sometimes  at  night,  and  in  various  states  of  the 
atmosphere.t 

The  principal  phenomena  of  earthquakes  consist  of  tremblings  and 

*  Principles  of  Geologrr,  vol.  U.  p.  175. 

t  "  It  has  been  considered  that  earthquakes  are  presaged  by  certain  atmo- 
spheric appearances,  bat  it  may  be  questionable  to  what  extent  tiiis  supposi- 
tion is  correct.    Historians  of  earthquakes  seem  to  have  been  generally  de- 
flirous  of  producing  efliect  in  tiieir  descriptions,  adding  all  that  could  tend  to 
tiei^hten  tlie  horror  of  the  picture.    They  have  not  always,  moreover,  been 
Anxious  or  able  to  separate  accidental  from  essential  circumstances.    As  far 
CSS  my  own  experience  goes,  which  is,  however,  limited  to  four  eaitliquakes, 
ehe  atmosphere  seemed  little  affected  by  the  movement  of  the  earth ;  though 
1  should  be  ter  from  denying  that  it  may  be  so,  for  we  can  scarcely  imagine 
««ich  movements  to  arise  in  the  earth,  without  some  modification  or  chanfs;e  of 
its  usual  state  of  electricity,  which  would  alltet  the  atmosphere.    If  animals 
f>«  generally  sensible  of  an  approaching  shoclc  (as  has  been  asserted),  it  might 
marine  as  well  from  electrical  changes,  as  from  the  sounds  which  they  may  be 
^sxpposed  capable  of  distinguisliing."-- /7e  la  Beche*s  Geol.  Man.,  yip.  uo,  Ui. 
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▼ibrations  of  the  surface  of  the  earth,  extending  to  variooB  distiocei, 
and  often  having  a  certain  direction.  These  shocks  begin  in  genen) 
with  elevations  of  the  ground,  followed  by  horizontal  imdniatioiu»ioi) 
in  some  instances  by  violent  irrregnlar  agitations,  and  by  vorticil  (V 
gyratory  motions.  To  these  may  be  added,  the  rending,  slipping,  lisBg 
and  sinking  of  the  soil  and  substrata ;  the  sudden  retreat  of  theaei 
and  its  impetuous  return,  alternately  laying  bare  the  sands  andbeadMt 
and  in  its  tremendous  inroads  on  the  shores,  sweeping  awaytno. 
buildings,  and  other  solid  masses ;  the  violent  agitation  of  lakes,  wiack 
sonketimes  sink  into  the  earth;  the  drying  up  or  boTSting  foit^i^ 
springs  and  rivers ;  and  the  occurrence  of  inundations,  from  the  60 
of  fragments  of  rock  or  soil,  which  may  block  up  their  channels. 

The  distances  to  which  the  effects  of  earthquakes  extend  ars  vs) 
great.  Thus  when  the  terrible  catastrophe  of  Lisbon  h^peaed  ii 
1755,  the  shock  was  felt  not  only  over  nearly  the  whole  of  £iinp<< 
but  idso  in  the  West  Indies.  The  earthquake  which  Tisited  ibecoai 
of  Chili,  November  19, 1822,  is  said  to  have  been  felt  simultaneo«^^ 
throughout  a  space  of  1200  miles  from  north  to  south.  And  in  dr 
same  year  Aleppo,  in  Syria,  was  destroyed  by  an  earthquake,  the  ii- 
fluence  of  which  extended  from  the  banks  of  the  Euphrates  to  ^ 
Island  of  Cyprus,  in  the  vicinity  of  which  two  rocks  axe  stated  to  Isf* 
risen  from  the  sea. 

The  duration  of  shocks  has  been  variously  estimated,  from  >  ^ 
seconds  to  more  than  two  minutes.  It  is  probable,  however,  ^ 
single  agitations  seldom  last  more  than  half  a  minute,  and  are  oftai 
shorter  duration ;  as  may  be  concluded  from  the  remarks  of  obaerrtf 
on  those  slighter  shocks  which  occur  in  situations  where  the  i^ 
hension  of  danger  is  not  likely  to  distract  the  attention.  Ihougli  i^ 
shocks  are  sometimes  single,  yet  it  more  frequently  happens  that  tb^^ 
recur  rapidly  at  various  intervals ;  and  in  volcanic  districts  especu^^ 
they  have  been  repeated  occasionally  for  months  or  years.  Thefi»>B 
earthquake  that  desolated  Calabria,  in  Italy,  and  extended  across  ^ 
strait  to  Messina,  commenced  in  February,  1783,  and  the  8hock&  cot' 
tinbed  till  the  close  of  1786. 

Among  the  phenomena  caused  by  shocks,  there  are  few  more  aa^ 
than  those  which  result  from  the  ^rations  or  rotatory  mofevc^^ 
which  have  been  already  noticed.  During  the  earthquake  of  Ct»* 
the  general  direction  of  which  was  from  south-east  to  noEtb*vA 
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many  statues  were  turned  ronnd  on  their  pedestals,  and  a  large  mass 
of  rock  was  turned  35®  from  the  south  towards  the  east.  The  same 
effect  was  more  remarkably  obserrable  during  the  earthquake  at  Val- 
paraiso, in  November,  1822,  when  many  houses  are  reported  to  have 
been  turned  round,  and  three  palm-trees  were  found  twisted  together 
like  the  strands  of  a  rope.  Earthquakes  are  almost  always  preceded 
by  unusual  agitations  of  the  waters  of  the  sea  and  of  lakes ;  and 
springs  sometimes  send  forth  torrents  of  fetid,  dark  mud.  A  noise 
immediately  precedes  the  shock,  which  has  been  described  as  resem- 
bling the  dragging  of  loaded  waggons  rapidly  over  a  rough  parement, 
an  irregular  but  sudden  discharge  of  batteries  of  cannon,  or  the  rushing 
oi  a  hurricane. 

The  phenomena  of  slight  shocks  are  probably  in  general  very  similar 
to  those  which  were  noticed  when  England  was  somewhat  antated  by 
an  earthquake  in  1797.  A  person  who  was  in  bed  at  Gloucester, 
about  midnight,  and  happened  to  be  awake,  observed  an  undulation  of 
the  surface  of  the  ground,  extending  from  south-west  nearly  to  north- 
east, and  the  bedstead,  which  was  placed  in  that  direction,  seemed  to 
be  slightly  raised  from  foot  to  head,  and  sink  again  with  a  waye-like 
motion ;  while  the  agitation  was  sufficient  to  cause  the  sashes  of  the 
windows  to  rattle,  much  in  the  same  manner  as  they  do  in  conse- 
quence of  the  passing  of  carriages  through  those  streets  of  London, 
where  the  excavations  for  vaults  and  sewers  extend  generally  beneath 
the  surface ;  and  it  was  reported,  that  in  some  houses  in  Gloucester, 
plates,  dishes,  and  other  articles  were  thrown  down  from  the  shelves 
on  which  they  had  stood.  The  whole  lasted  not  more  than  a  few 
aeoonds. 

The  most  remarkable  phenomena  of  earthquakes  in  those  countries 
where  they  do  most  damage  have  been  already  generally  noticed.  The 
Calabrian  catastrophe  of  1783,  concerning  which  the  particulars  have 
been  most  fully  and  clearly  recorded,  is  described  at  some  length  by 
Mr.  Lyell  ;*  and  to  his  very  interesting  work  the  reader  must  be 
referred,  for  a  Tariety  of  curious  details  relative  to  this  subject. 

Before  we  proceed  to  consider  the  influence  of  earthquakes  in  modi- 
fying the  sunace  of  the  earth,  and  the  different  opinions  that  have 
been  adranoed  as  to  the  extent  and  importance  of  dieir  effects,  it  will 

«  Bee  Principles  of  Geology,  b.  ii.  pt.  U.  chap,  vii.}  toL  11.  p.  \97,  &e. 
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be  requiute  to  take  some  notice  of  rolcanos,  witb  which  they  are  n 
intimstely  connected. 

The  general  description  of  volcanos  is  that  of  openings  in  the  crest 
of  the  earth,  through  which  are  ejected,  from  time  to  time,  rvmm 
gases,  cinders,  ashes,  stones,  and  streams  of  lava,  compoaed  of  red- 
hot  melted  rocks.  From  the  accumulation  of  matters  thns  discharged, 
conical  eminences  are  formed,  with  funnel-shaped  cavities  called  crv 
ters ;  and  they  generally  occupy  the  summits  of  isolated  peab  or 
mountains.  They  occur  in  all  quarters  of  the  globe,  and  aire  often 
distributed  in  groups  over  wide  areas ;  as  in  the  volcanic  band  whidi 
includes  Sumatra,  Java,  the  Moluccas,  and  the  Philippine  Islands; 
and  the  line  of  the  Andes  in  America,  extending  from  Chili,  or  pe^ 
haps  from  Terra  del  Fuego,  to  Mexico.  They  are  often  found  ner 
the  shores  of  continents,  or  in  islands ;  and  hence  it  has  been  sup- 
posed that  they  have  some  necessary  connexion  with  the  sea.  Bu 
recent  researches  have  shown,  that  they  also  occur,  thoogfa  mare 
rarely,  at  great  distances  from  the  ocean,  or  any  considerable  bodva 
saltwater.  Volcanic  mountains  differ  greatly  in  height.  That  of  ^ 
Mount,  in  Jan  Mayan's  Island,  between  70°  49^  N.  lat.  and  71*"  8 
is  but  1500  feet  above  the  sea-beach,  in  Jameson's  Bay ;  Vesuvius :: 
3933  feet  above  the  level  of  the  sea ;  Hecla,  in  Iceland,  rises  to  i^ 
height  of  5000  feet ;  and  that  of  Etna,  in  Sicily,  is  10,870  feet :  but  t^ 
loftiest  mountains  are  those  of  the  Andes ;  as  Pichincha,  the  heiglit : 
which  is  about  15,931  feet ;  Cotopaxi  has  an  elevation  of  18,8457  ftcc 
and  Antisana  attains  that  of  19,136  feet.  Volcanos  occur  in  varicv 
latitudes,  from  Greenland  and  Kamtschatka  to  Sumatra  and  Colomba 
nor  is  the  sea  by  any  means  exempt  from  them,  numerous  islani^ 
having  at  different  periods  been  raised  by  volcanic  aetioo  Iron  i^* 
bed  of  the  ocean  in  different  parts  of  the  world,  some  of  which  br^ 
remained  permanently  above  the  waves,  though  most  of  thoee  wW 
origin  has  been  noticed  have  subsequently  sunk,  forming  only  sc> 
marine  reefs  and  sandbanks. 

The  number  of  the  volcanos  now  occasionally  in  activity  has  b«e 
stated  by  some  to  be  about  two  hundred ;  though,  according  to  otbsv 
they  amount  to  rather  more  than  three  hundred,  including  a6Lhae*>^ 
or  smoking  volcanos.  But  besides  those  from  which  eruptions  kr' 
issued  within  the  period  to  which  our  records  extend,  there  are  stf^ 
extinct  volcanos,  of  which  abundant  traces  remain  in  several  ooc- 
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tries.  Thus  in  France,  the  territories  of  Auyergne,  Vivarais,  and  the 
Ce\rennes,  exhibit  cooical  mountains,  composed  of  lava,  scoris,  and 
volcanic  ashes ;  and  in  some  of  them  Uie  forms  of  the  craters  may  still 
be  discovered.  The  district  around  the  town  of  Olot,  in  Catalonia ; 
and  that  of  the  Eifel  and  the  Lower  Rhine,  in  Germany,  present 
similar  appearances. 

Some  volcanos  are  perpetually  active,  as  is  the  case  with  that  of 
Stromboli,  in  the  Mediterranean.     It  is  mentioned  by  Pliny;  and 
there  is  reason  to  believe  that  its  eruptions  have  been  almost  incea* 
sant  during  the  last  two  thousand  years.     According  to  Dolomieu,  its 
crater  does  not  exceed  fifty  paces  in  diameter.    **  I  saw  it  dart,*'  says 
that  writer,  **  during  the  night,  at  regular  intervals  of  seven  or  eight 
minutes,  ignited  stones,  which  rose  to  the  height  of  more  than  100 
feet,  forming  radii  a  little  diverging  ;  but  of  which  the  greater  numbej 
fell  iato  the  crater,  while  others  rolled  even  to  the  sea.     Each  explo- 
sion  was  accompanied  with  a  burst  of  red  flame."    Mr.  G.  P.  Scrope, 
from  personal  observation  on  this  volcano,  states,  that  "  there  evi- 
dently exists  within  and  below  the  cone  of  Stromboli,  a  mass  of  lava, 
of  unknown  dimensions,  permanently  liquid,  at  an  intense  tempera- 
ture, and  continually  traversed  by  successive  volumes  of  aeriform 
fluids,  which  escape  from  its. surface— thus  presenting  exactly  all  the 
characters  of  a  liquid  in  constant  ebullition."* 

Among  those  which  may  be  styled  intermitting  volcanos,  the  most 
important  are  found  amidst  the  Andes.  Cotopaxi  is  the  loftiest  of 
these  burning  mountains,  from  which  at  recent  epochs  eruptions  have 
proceeded.  It  is  also  the  most  dreadful  of  aU  those  in  the  kingdom  of 
Quito,  and  subject  to  the  most  freouent  and  destructive  explosions. 
I'he  mass  of  scoriae,  and  the  huge  fragments  of  rocks  thrown  out  of 
this  volcano,  cover  a  surface  of  several  square  leagues,  ^d  would 
form,  were  they  heaped  together,  a  colossal  mountain.  In  1758,  the 
flames  rose  39uO  feet  above  the  brink  of  the  crater.  In  1744,  the 
roaring  of  the  volcano  was  beard  on  the  borders  of  the  Magdalene,  a 
listance  of  itOO  leagues.  On  the  4th  of  April,  1768,  the  quantity  of 
iflfaes  ejegted  by  the  volcano  was  so  great,  that  the  inhabitants  of  the 
owns  of  Hambato  and  Tacunga,  were  obliged  to  use  lanterns  to  vjr^Jc 
ha  streets  at  noonday.    The  explosion,  which  took  place  in  January, 

«  Considerations  on  Volsanos,  by  6.  P.  Scrope,  F.R.S, 
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1809,  was  preceded  by  the  sudden  melting  of  the  snows  that  covenc 
the  mountain.  For  twenty  years  before,  no  smoke  or  Tapoor  be 
been  observed  to  issue  from  the  crater ;  and  in  a  single  night,  the  sob- 
terraneous  fire  became  so  active,  that  at  sunrise  the  external  walls  c: 
the  cone  were  heated  to  such  a  temperature  as  to  appear  quite  naked 
and  of  the  dark  colour  characteristic  of  vitrified  scoriae  * 

One  of  the  most  dreadful  volcanic  eruptions  on  record,  is  thatwHc! 
occurred  in  the  mountain  of  Tomboro,  in  the  island  of  Sumbar 
eastward  of  Java,  in  April,  1815.  It  commenced  on  the  5th  of  Apr. 
was  most  violent  on  the  11th  and  12th,  and  did  not  cease  entirdy  a 
July.  Out  of  a  population  of  twelve  thousand  persons,  only  tw^n 
six  escaped  destruction.  Violent  whirlwinds  swept  away  men,  bonn 
catde,  and  every  thing  which  came  within  their  vortex,  tore  up  ti 
largest  trees,  and  covered  the  neighbouring  sea  with  floating  timbd 
Large  tracts  of  land  were  inundated  by  lava,  several  streams  of  iHj 
issuing  from  the  crater,  reached  to  the  sea.  Vast  clouds  of  vokaa 
dust  and  ashes,  as  before  mentioned,  were  conveyed  to  immense  ci 
tances,  blackening  the  air,  and  for  a  time  eclipsing  the  son.  H 
floating  cinders  to  the  westward  of  Sumatra,  formed  on  the  Itth 
April  a  mass  two  feet  in  depth,  and  several  miles  in  surface,  throe 
which  ships  with  difficulty  forced  their  way. 

A  captain  of  a  ship,  who  was  at  Macassar  on  the  1 1th  of  Ap 
says,  **  By  noon,  the  light  that  had  remained  in  the  eastern  part  ot ' 
horison  disappeared,  and  complete  darkness  had  covered  the  (an 
day:  our  decks  were  soon  covered  with  falling  matter ;  the  awnJ 
were  spread,  fore  and  aft,  to  prevent  it  as  much  as  possible  from  ^ 
ting  below ;  but  it  was  so  light  and  subtile,  that  it  pervaded  eveirrt 
of  uie  ship.  The  darkness  was  so  profound  through  the  r^maiodt? 
the  day,  taat  I  never  saw  any  thing  equal  to  it  in  the  daikest  ad 
it  was  impossible  to  see  your  hand  when  held  up  close  to  Ihe  eye>.  1 
ashes  continued  to  fall  without  intermission  uirough  the  night, 
six  o'clock  the  next  morning,  when  the  sun  ought  to  have  beieo  » 
it  still  continued  as  dark  as  ever ;  but  at  half-past  seven  I  ba£ ' 
satisfaction  to  perceive,  that  the  darkness  evidently  decreased,  «< 
eight  I  could  faintly  discern  objects  on  the  deck.     From  this  dm 

*  Edinburgrh  Review,  vol.  xziv.  p.  US;  firam  Humboldt*8 
ceming  America. 
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began  to  get  lighter  very  fast,  and  by  half-past  nine  the  shore  was  dis- 
tinguishable; the  ashes  falling  in  considerable  quantities,  though  not 
so  heavily  as  before.    The  appearance  of  the  ship,  when  daylight  re- 
tamed,  was  most  extraordinary ;  the  masts,  rigging,  deck,  and  every 
part,  being  covered  with  the  faUing  matter ;  it  had  the  appearance  of 
calcined  pnmicestone,  nearly  the  colour  of  wood  ashes ;  it  lay  in  heaps 
of  a  foot  in  depth  in  many  parts  of  the  deck,  and  I  am  convinced 
several  tons  weight  were  thrown  overboard ;  for,  although  a  perfectly 
impalpable  powder  or  dust  when  it  fell,  it  was  when  compressed  of 
considerable  weight.    A  pint  measure  filled  with  it  weighed  19^ 
ounces ;  it  was  perfectly  tasteless,  and  did  not  a£fect  the  eyes  with  any 
painful  sensation ;  it  had  a  faint,  burning  smell,  but  nothing  like  sul- 
phur.   By  noon,  on  the  13th,  the  sun  again  appeared,butveEy  faintly, 
through  the  dusky  atmosphere,  the  air  still  being  charged  with  the 
ashes,  which  continued  to  Mi  lightly  all  that  day  and  the  succeed- 
ing one." 

Along  the  sea-coast  of  Sumbawa,  and  the  neighbouring  islands,  the 
water  rose  suddenly  from  two  to  twelve  feet,  great  waves  rushing  up 
the  estuaries,  and  again  retreating.  At  Bima,  about  forty  miles  west- 
ward of  the  volcano,  though  the  wind  was  still  during  the  whole  time 
of  the  eruption,  the  sea  rolled  in  upon  the  shore,  and  filled  the  lower 
parts  of  the  houses  with  water  a  foot  deep.  Every  prow  and  boat  was 
clriven  from  its  anchorage,  and  thrown  ashore.  The  perpendicular 
depth  of  the  ashes  that  fell  here  was  found  to  be  3J  inches.  The  noise 
of  the  explosions,  as  heard  from  this  place  on  the  14th,  is  said  to 
have  been  most  terrific,  resembling  the  reports  of  a  heavy  mortar  fired 
close  to  the  ear.  The  town  called  Tomboro,  on  the  western  side  of 
the  volcano,  was  overilowed  by  the  sea,  which  encroached  upon  the 
shore  at  the  foot  of  the  mountain,  so  as  to  leave  the  land  permanently 
submerged  to  the  depth  of  18  feet.* 

"  Hie  changes  produced  by  such  eruptions  as  that  here  recorded, 
would,  independently  of  the  alteration  in  the  shape  of  the  volcano 
itself,  and  or  the  streams  of  lava  which  flowed  firom  it,  extend  to  very 
considerable  distances.  On  the  diy  land,  vegetables  and  tnimui 
would  be  entombed  beneath  stones  and  ashes,  the  quantity  of  the 

«  Brande's  Joom.  of  Sdenoe,  vol.  l.|  Hist  of  Java,  by  Sir  T.  S,  BaffleiL 
vol.  i.  p.  1S>  Ac. ;  Lift  of  Sir  T.  S.  Raffles. 
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covering  matter  probably  increasing  with  the  proximity  of  the  vokaoo. 
And  if  it  should  chance,  as  sometimes  happens,  that  the  aqoeoiu 
▼apoura  discharged  from  the  volcanic  vent  were  suddenly  condensed, 
die  torrents  produced  would  sweep  away  not  onlj  the  looser  parts  of 
the  volcano,  but  also  the  plants  and  animals  which  they  might  en- 
counter, imbedding  them  in  a  thick  mass  of  alluvial  matter.  Tbe 
vegetable  and  animal  substances  enveloped  bj  the  discharged  ashes. 
cinders,  and  stones,  falling  into  the  sea,  would  be  both  marine  a&d 
terrestrial ;  and  a  very  curious  mixture,  so  far  as  regarded  its  orgtok 
contents,  would  be  observed :  trees,  men,  cattle,  fish,  corals,  and  > 
great  variety  of  marine  remains,  would  be  incased,  and  it  might » 
happen  that,  both  on  the  land  and  in  the  sea,  a  bed  of  lava  might  coTet 
such  accumulations/'  * 

The  quantity  of  solid  matter  ejected  from  some  Tolcanos  is  in* 
mensely  great.  Vesuvius,  Etna,  and  other  volcanic  mountains  ha^^ 
at  difibrent  times,  discharged  lava,  cinders,  and  ashes,  the  total  boU 
of  which  would  at  least  equal  that  of  the  mountains  whence  tbey 
issued.  During  one  eruption  of  Etna,  an  area  150  miles  in  cizcov 
ference  is  said  to  have  been  covered  with  a  stratum  of  volcanic  nst 
or  ashes  IS  feet  deep.  In  1775,  the  same  volcano,  according  vt 
Dolomieu,  poured  out  a  stream  of  lava,  12  miles  in  length,  1}  ><^ 
breadth,  and  200  feet  in  thickness.  That  writer  also  states,  that  sost 
of  the  currents  of  lava  from  Etna  are  10  leagues  in  Itmgth,  and  3  it 
breadth,  f  But  the  most  extensive  known  cunent  of  modem  lava  ^ 
pears  to  be  that  formed  by  a  volcano  in  Iceland,  in  1785,  which  tf 
60  miles  long  and  12  broad,  equalling  in  extent  any  continuoas  roc^ 
formation  in  England.^  The  surface  of  the  country  for  many  leagues 
round  Naples  seems  to  be  composed  of  volcanic  matter.  Horcvhr 
neum  and  Pompeii,  which  were  covered  b^  vast  showers  of  asto 
during  the  first  recorded  eruption  of  Vesuvius,  A.  D.  79,  when  ^ 
were  partially  disinterred  in  the  course  of  the  last  century,  were  a9ee^ 
tained  to  have  been  founded  on  a  volcanic  rock,  and  their  streets  wei* 
paved,  and  some  of  their  buildings  constructed  of  blocks  of  la^*? '' 
]tmcertain  but  early  origin. 

*  De  la  Beche's  Geol.  Man.,  p.  ISS. 

t  M^moire  sur  les  Isles  Ponces,  &c.,  p.  l66. 

f  Bakewell's  Introd.  to  Geol.,  p.  378. 
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The  present  cone  of  Vestiviue  is  supposed  to  haye  been  formed 
since  the  eruption  just  mentioned .  and  the  more  ancient  lavas  to  hare 
flowed  from  the  adjacent  mountain,  now  called  Somma.  Near  Pus* 
suoli,  on  the  coast  o(  the  bay  of  Bais,  a  mountain  was  thrown  up 
suddenly,  September  ^9,  1538,  aftflr  repeated  shocks  of  earthquake. 
Its  present  height  is  440  feet  above  the  level  of  the  sea ;  and  it  is 
about  ]  §  miles  in  circumference.  This  volcanic  cone  is  called  Monte 
Nuovp;  and  at  a  short  distance  from  it  is  another  of  more  ancient 
date,  and  larger  dimensions,  named  Monte  Barbaro. 

The  phenomena  of  submarine  volcanos  resemble,  in  many  respects, 
those  of  sub-aerial  Tolcanos ;  the  chief  difference  consisting  in  the 
more  copious  emissiim  of  aqueous  vapour  and  gases,  and  in  the  forma- 
tioD  of  temporary  or  permanent  islands.    It  is  probable  that  Owhyhee, 
and  many  other  islands  in  the  Pacific,  were  formed  in  this  manner ;  as 
also  the  Canary  Islands,  the  Azores,  and  several  others.    Such  like- 
wise was  the  origin  of  the  Lipari  Islands,  as  we  learn  from  history ; 
and  of  some  of  those  in  the  Grecian  Archipelago,  where  a  new  island 
arose  in  1707,  called  Nea  [New]  Kaimeni,  near  Santorin,  which,  as 
well  as  some  of  those  adjacent,  was  thrown  up  at  a  more  remote 
period.*     Among  the  numerous  instances  on  record  of  islands  pro- 
duced by  submarine  volcanos  which  have  subsequently  sunk  beneath 
the  surface  of  the  water,  one  of  the  most  recent  occurrence  was  that, 
the  elevation  of  which  took  place  in  July,  1831,  between  the  Island  of 
Pantellaria  and  the  coast  of  Sicily.    This  has  been  circumstantially 
described  by  different  observers ;  but  for  the  highly  interesting  details 
we  must  rerer  to  the  annexed  authorities,  t 

Some  voloanos  eject  only  gases  and  vapours,  and  these  are  called 
solfataras,  or  where  the  cones  are  very  small, yitt?uiro/«,  and  in  Mexico, 
fiamiUn ;  others  send  forth  torrents  of  water  and  mud,  as  is  the  case 
with  the  volcano  of  Macalubba,  in  Sicily,  and  frequently  with  the  vol- 
canic peaks  of  the  Andes ;  but  the  more  usual  products  of  volcanic 
action  are  streams  of  lava,  and  showers  of  scorns,  sand,  and  ashes,  ac- 
companied, however,  by  clouds  of  steam  and  gas.    As  to  the  compo- 

*  See  LyeU's  Principles  of  Geology,  vol.  ii.  pp.  isi— 1S5. 
t  Philoe.  Transact,  for  ia^9 }  Jonm.  of  Oeognuiiical  Sodety,  18S1 }  Annates 
lee  Sciences  Naiurellcs,  torn.  xxiv. ;  and  Lyeu'S  Principles  of  Geology,  vol.  11. 

ip.  145— IM. 
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sition  of  lavss,  exact  infonnfttioii  is  wanting.  Howerer,  Mr.  FUSpi 
says,  **  it  is  nearly  certain  that  feldspar  and  angite  are  the  pxineipil 
ingredients,  and  that  the  coloor  of  the  lava  is  dependent  on  the  pren- 
lence  of  the  one  or  the  other.  The  minerals  which  are  ^Mcorvik 
as  entering,  in  notable  proportion,  into  the  composition  of  Tolcnx 
masses,  are  very  few;  as  feldspar,  compact  feldspar,  angite,  boo* 
blende,  oxidnlous  iron,  olivine,  mica,  lencite;  other  minerals,  indeed, 
are  found  in  their  cavities,  but  these  can  scaroely  be  said  to  enter  iito 
the  composition  of  the  rock." — "  It  is  remarkable,  that  qaartz,  bo  eX' 
tremely  abundant  in  rocks  of  which  the  composition  is  not  so^eetid 
to  be  of  volcanic  origin,  is  scarcely  ever  found  in  sach  as  are  deeidedh 
volcanic."  *  It  must,  however,  be  observed,  that  Mr.  Ponlett  Scnp? 
enumerates  among  volcanic  rocks,  quartziferous  trachyte,  eoatiiDiK 
numerous  crystals  of  quartz ;  and  siliceous  trachyte,  having  much  sio 
in  its  composition,  f 

As  to  the  causes  of  volcanos  and  earthquakes,  various  opimooil*'* 
been  proposed,  some  of  which  appear  to  be  quite  inconsistent  witb  ^ 
effect  produced.  Thus  Werner  and  his  disciples  attributed  the** 
the  spontaneous  combustion  of  beds  of  coal ;  and  others  imputed  ^ 
origin  to  the  inflammation  of  vast  repositories  of  sulphur  or  petrok«t> 
collected  in  caverns  of  the  earth ;  and  the  experiment  of  Lemery,Dcdtt< 
elsewhere,  X  has  been  alleged  as  affording  an  explanation  of  the  muafi 
in  which  sulphur  and  iron  might  take  fire  when  buried  in  the  etrth.  i 
more  plausible  hypothesis  was  proposed  by  Sir  H.  Davy,  who  hviij 
discovered  that  potash  and  soda  were  the  oxides  of  highly  infitfUBi^, 
metals,  which  become  oxidated  with  the  extrication  of  abundioMA 
heat  when  they  come  in  contact  with  water,  sought  to  explain  Tole»^ 
phenomena,  by  imagining  the  existence  of  large  quantitiee  of  tbe  V' 
tallic  bases  of  the  alkalis  within  the  bowels  of  the  earth,  and  their  n*^ 
den  oxidation  through  the  access  of  sea-water  to  the  cavities  is  v^ 
they  were  contained.  This  theory  has  been  adopted  and  adtoov^ 
recently  by  Dr.  Daubeny,  in  his  "  Description  of  active  and  eio*^ 
Volcanos;'"  but  it  seems  inadequate  to  the  full  developnient  ti^ 
aeency  on  which  the  vast  power  and  extensive  influenoe  of  th» 
phenomena  depends. 

*  Outlines  of  Mineralogy  and  Geology,  p.  904. 
t  Quarterly  Joum.  of  Science,  vol.  xxi.  1810. 
t  See  Treatise  on  ChemUiry, 
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Earthquakes  and  Tolcanos  may  be  sapposed  to  have  a  conuDon  origin, 
since  vdcanic  eruptions  are  generallj  preceded  by  agitations  of  the 
surface  of  the  earth,  such  as  would  necessarily  be  caused  by  the  efforts 
of  heated  and  expanded  fluids,  either  liquid  or  gaseous ;  and  especially 
of  the  latter,  embowelled  in  the  earth,  to  escape  through  the  super- 
inoumbent  strata.    It  is  true,  that  earUiquakes  happen  frequently  in 
countries  where  there  are  now  no  volcanos,  and  it  may  be  admitted, 
that  they  sometimes  are  neither  accompanied  nor  followed  by  volcanic 
eruptions :  but  this  only  proves,  that  the  elastic  force  of  expansive 
fluids  confined  within  the  earth,  may  not  always  be  sufficiently  power- 
ful to  overcome  at  once  the  resistance  to  their  exit,  and  therefore  they 
cause  concussions  of  the  surface ;  and  accordingly  it  has  been  ob- 
served, that  repeated  earthquakes  during  longer  or  shorter  periods 
have  frequently  preceded  violent  volcanic  eruptions. 

If,  then,  earthquakes  and  vdcanos  depend  on  the  same  causes,  the 
source  of  these  phenomena  must  be  very  deeply  seated  below  the 
earth's  surface :  for  though  volcanos  might  be  regarded  as  confined  to 
certain  localities,  the  action  of  earthquakes  seems  to  be  almost  unli^ 
niited,  since  these  concussions  of  the  surface  have  been  felt  over 
nearly  half  the  globe.  Mr.  Bakewell,  in  reference  to  the  earthquake 
of  Lisbon,  the  shock  of  which  was  perceived  in  the  United  States  of 
America  and  the  West  Indies,  observes  that  "  the  cause  which  could 
effect  a  simultaneous  concussion  over  such  a  vast  extent,  must  pro- 
bably have  been  seated  nearly  midway  between  the  centre  of  the  globe 
and  its  surface."*  Such  widely-acting  power  cannot  reasonably  be 
ascribed  to  the  topical  agency  ofchemical  affinities ;  and  hence  some 
bold  speculators  have  inferred,  that  these  phenomena  are  connected 
with  the  central  fire,  or  rather  with  the  candescent  matter  supposed  to 
exist  in  the  interior  of  the  earth.  Volcanos,  therefore,  are  considered 
80  Tast  safety-valves,  by  means  of  which  some  portions  of  the  sub- 
0tano6s  in  fusion  which  form  the  internal  mass  escape,  from  time  to 
tima  with  riolenoe,  to  flow  over  the  surface  of  the  soil,  t 

The  electric  influence,  whatever  may  be  its  nature,  cannot  but  be 
considered  as  one  of  the  most  powerfully  active  causes  of  the  changes 
which  have  at  former  periods  been  produced  in  the  muhoe  of  the 

*  Introduction  to  Geology,  p.  S78. 
t  Bertraad  Lettres  sur  les  Rev.  dn  Globe,  p.  00. 
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earth,  Bf  weU  af  of  those  which  are  now  in  progress.  But  sotirii^ 
standing  the  discoveries  which  have  been  recently  made  rebcLf«  a 
electricity,  and  its  connexion  with  magnetism,  we  are  still  too  littit 
acquainted  with  its  mode  of  acticm  to  be  enabled- fuUy  to  appieckB 
the  extent  of  its  operations.  There  can  be  no  doubt  but  the  chembl 
combinations  and  decompositions  of  bodies  on  the  surface  of  the  euft 
must  be  greatly  influenced  by  atmospheric  electricity ;  and  there  is 
some  reason  for  concluding  that  subterranean  phenomena  may  depoc 
on  its  mysterious  agency.  **  Now  the  identity  of  magnetism  and  el«- 
tricity  seems,  in  many  respects,  to  be  established,  it  may  desem 
consideration,  whether  an  interruption  to  the  magnetic  or  elects 
currents  which  circulate  through  the  earth,  may  not  sometimes  oect- 
sion  earthquakes,  acting  almost  instantaneously  orer  large  portions - 
the  globe.  If,  as  some  philosophers  maintain,  there  is  a  centxili? 
under  every  part  of  the  globe,  or  if  certain  spai-es  only  are  filled  «? 
ignited  matter,  we  can  scarcely  doubt  that  chemical  chtanges  aretiib: 
place»  which  will  also  change  the  electrical  relations  betwees  » 
mineral  beds.  A  series  of  strata  may  act  like  the  plates  of  as  » 
mense  voltaic  battery,  and  discharge  the  electricity  from  one  int^n* 
part  of  the  globe  to  another,  exciting  vibrations  that  may  agitsi^ 
whole  hemisphere.'** 


Researches  concerning  the  extent  and  importance  of  tha 
tions  of  the  earth's  sur&e,  which  have  resulted  from  the  actioa 
existing  cliuses,  have  led  different  philosophers  to  discordant  caoc^ 
sions  relative  to  the  nature  of  that  agency  which  produced  the  i»* 
composing  the  crust  of  the  earth,  and  occasioned  the  disloeatieoi  * 
changes  &ey  have  undergone  at  fas  distant  and  unknown  pc^ 
While  some  assert  the  efficiency  of  the  causes  now  in  tfi-- 
others  represent  them  as  inadequate  and  insignificant.  With  reCf 
to  the  effects  of  winds,  currents,  and  other  modifying  eanses,  •*'- 
Conybeare  thus  expresses  himself : 

'*  These  actions  appear  to  be  circumscribed  within  yerr  vx^ 

*  Bakewell*8  Introd.  to  Geol.,  p.  875. 
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ihnitfl :  over  a  great  part  of  the  earth's  surface  the  influence  of  these 
wasting  causes  is  absolutely  null,  the  mantle  of  greensward  that  invests 
it  being  an  effectual  protection.  The  barrows  of  the  aboriginal  Britons, 
after  a  lapse  of  certainly  little  less,  and  in  many  instances  probably 
more,  than  two  deoads  of  centuries,  retain  very  generally  all  the  pris« 
Cine  sharpness  of  their  outline ;  nor  is  the  slight  fosse  that  sometimes 
surroonds  them  in  any  degree  filled  up.    Causes,  then,  which  in  two 
thousand  years  have  not  affected  in  any  perceptible  manner  these  small 
tumuli,  so  often  scattered  in  very  exposed  situations  over  the  crests  of 
our  hills,  can  have  exerted  no  very  great  influence  on  the  mass  of 
those  hills  themselves  in  any  assignable  portion  of  time,  which  even 
the  imagination  of  a  theorist  can  allow  itself  to  conceive  ;  and  where 
circumstances  are  favourable  to  a  greater  degree  of  waste,  still  diere 
is  often  a  tendency  to  approach  a  maximum  at  which  further  waste 
will  be  checked :  the  abrupt  cliff  will  at  last  become  a  slope,  and  that 
slope  become  defended  by  its  grassy  coat  of  proof.     It  should  appear, 
that  even  the  action  of  the  sea,  certainly  the  most  powerful  and  import- 
ant of  all  those  we  have  surveyed,  has  a  similar  tendency  to  impose  a 
limit  to  its  own  ravages.    It  has  obviously  in  many  instances  formed 
an  effectual  barrier  against  itself,  by  throwing  up  shingle-banks  and 
marsh-lands  in  the  face  of  cliffs  against  which  it  once  best ;  and  after 
the  destruction  has  been  carried  to  a  certain  point,  it  appears  neces- 
sary from  the  mode  of  action  (excepting  where  very  powerful  cur- 
rents interfere),  that  the  very  materials  resulting  from  the  ruin  should 
check  any  further  increase :  even  where  these  currents  exist,  these 
also  have  a  tendency  to  throw  up  barriers  of  shingle  in  their  eddy. 
Historical  records,  and  the  verv  nature  and  physical  possibilities  of 
the  case,  alike  compel  us  to  clissent  entirely  from  those  crude  and , 
basty  speculations  which  would  assign  to  the  causes  now  in  action, 
the  power  of  producing  any  very  material  change  in  the  face  of  things ; 
ind  which  would  refer  to  these  alone,  acting  under  their  present 
conditions,  and  with  only  their  present  forces,  the  mighty  operations 
jrhieh  have  formed  and  modified  our  continf nts.*** 

Mr.  Conybeare  does  not  here  distinctly  mention  earthquakes  and 
raleanos  among  the  existing  causes  of  alteration  of  the  surface  of  the 

«  Outlines  of  tbe  QtcAogy  of  England  and  Wales,  by  Conybeare  and 
^liillips,  pt.  L    I8tt,    Introduction,  pp.  xxxIL  xxxill. 


374  GEOLOGY. 

earth ;  and  as  he  could  not  have  overlooked  their  influ^ice,  it  is  pn* 
bable  that  he  regarded  their  action  as  being  too  limited  to  produce  aay 
considerable  effect.  Mr.  De  la  Beche,  who  also  asserts  the  dissnii- 
larity  of  the  ancient  and  modem  modifying  causes  of  terrestrial  cos- 
formation,  makes  the  following  observations  on  the  phenomena  to 
which  we  have  just  alluded : 

"  If  we  withdraw  ourselves  from  the  turmoil  of  volcanos  and  eutih 
quakes,  and  cease  to  measure  them  by  the  effects  which  they  have  pnh 
duced  upon  our  imaginations,  we  shall  find  that  the  real  changes  tbj 
cause  on  the  earth's  surface  are  comparatively  small,  and  quite  bff' 
concilable  with  those  theories  which  propose  to  account  for  ibe  ekn- 
tions  of  vast  mountain  ranges,  and  for  enormous  and  sudden  didoo- 
tions  of  strata,  by  repeated  earthquakes  acting  invariably  in  the  ssr 
line,  thus  raising  the  mountains  by  successive  starts  of  fire  or  t«i  frs 
at  a  time,  or  by  catastrophes  of  no  greater  importance  than  a  mode 
earthquake.  It  is  useless  to  appeal  to  time :  time  can  effect  no  wr 
than  its  powers  are  capable  of  performing :  if  a  mouse  be  hameased: 
a  large  piece  of  ordnance,  it  will  never  move  it,  even  if  centuries  •: 
centuries  could  be  allowed ;  but  attach  the  necessary  force,  aBdt> 
resistance  is  overcome  in  a  minute."* 

Among  those  writers  who  have  taken  (he  opposite  side  of  the  ^ 
tion,  and  maintained  the  efficacy  of  causes  now  operating  to  have  x- 
duced  the  more  ancient  modifications  of  the  surface  of  the  earth.  Mr 
Lyell  has  distinguished  himself  by  the  learning  and  ability  dispbn^ 
in  support  of  the  opinions  he  has  adopted.  The  full  force  of  his  as^ 
ments  can  only  be  appreciated  by  those  who  have  the  opportunin ' 
examining  the  extensive  mass  of  mformation  which  he  has  ooQecteii  • 
his  treatise  on  "  The  Principles  of  Geology."*  The  following  i-' 
some  of  the  important  remarks  and  inferences  which  be  has  dedas 
from  the  consideration  of  existing  phenomena,  and  of  the  degr« 
analogy  observable  between  ancient  and  modem  fbrmaticms : 

"  It  is  undeniable  that  many  objections  to  the  doctrine  of  the  wrf" 
agency  of  geological  causes  nave  been  partially  or  entirely  re»'< 
by  the  progress  of  the  science  in  the  last  forty  years.    It  was  ohj«c^- 

•  Geolog.  Man.,  pp.  148,  149. 

t  See  espedaUy  Book  II.,  contained  In  the  ist  and  sd  toIs.  of  the  tr 
edition. 
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for  example,  to  those  who  endeavoured  to  explain  the  formation  of 
sedimentary  strata  by  causes  now  in  diurnal  action,  that  tbej  must 
take  for  granted  incalculable  periods  of  time.    Now  the  time  which 
they  required  has  since  become  equally  requisite  to  account  for  an<^ 
other  class  of  phenomena  brought  to  light  by  more  recent  investiga- 
tioDS.    It  must  always  have  been  evident  to  unbiassed  minds,  that 
successiTO  strata,  containing,  in  regular  order  of  superposition,  dis. 
tinct  beds  of  shells  and  corals,  arranged  in  families  as  they  grow  at 
the  bottom  of  the  sea,  could  only  have  been  formed  by  slow  and  in- 
sensible degrees  in  a  great  lapse  of  ages :  yet,  until  organic  remains 
were  minutely  examined  and  specifically  determined,  it  was  rarely 
possible  to  prove  that  a  series  of  deposits  met  with  in  one  country  was 
not  formed  simultaneously  with  that  found  in  another.    But  we  are 
now  able  to  determine,  in  numerous  instances,  the  relative  dates  of 
sedimentary  rocks  in  distant  regions,  and  to  show  by  their  organic 
remains  that  they  were  not  of  contemporary  origin,  but  formed  in  suc- 
cession."— "  We  cannot  reflect  on  the  concessions  thus  extorted  from 
us,  in  regard  to  the  duration  of  past  time,  without  foreseeing  that  the 
period  may  arrive  when  part  of  the  Huttonian  theory  will  be  combated 
on  the  g^round  of  its  departing  too  far  from  the  assumption  of  uni- 
formity in  the  order  of  nature.    On  a  closer  investigation  of  extinct 
▼olcanos,  we  find  proofs  that  they  broke  out  at  successive  eras,  and 
that  the  eruptions  of  one  group  were  often  concluded  long  before  others 
bad  commenced  their  activity.    Some  were  burning  when  one  class 
of  organic  beings  were  in  existence,  others  came  into  action  when  a 
diflTerent  and  new  race  of  animals  and  plants  existed  :  it  is  more  than 
probable,  therefore,  that  the  convulsions  caused  by  subterranean  move- 
ments, which  seem  to  be  merely  another  portion  of  the  volcanic  phe- 
nomena, have  also  occurred  in  succession ;  and  their  effects  must  be 
divided  into  separate  sums,  and  assigned  to  separate  periods  of  time. 
Jior  is  this  all :  when  we  examine  the  volcanic  products,  whether  they 
be  lavas  which  flowed  out  under  water  or  upon  dry  land,  we  find  that 
intervals  of  time,  often  of  great  length,  intervened  between  their 
formation,  and  that  the  effects  of  single  eruptions  were  not  greater  in 
amount  than  those  which  now  result  from  ordinary  volcanic  convul> 
flions.    The  accompanying  or  preceding  eartbquaxes,  therefore,  may 
be  considered  to  have  been  also  successive,  often  interropted  by  long 
inter  Tsls  of  time,  and  not  to  have  exceeded  in  violence  Haoae  now  ex- 
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perienced  in  the  ordinary  course  of  nature." — *'  It  was  contury  to 
analogy  to  suppose  that  Nature  had  been  at  any  former  epoch  pai9- 
monious  of  time  and  prodigal  of  violence — ^to  imagine  that  one  district 
was  not  at  rest,  while  anotlier  was  convulsed — that  the  distnrbiof 
forces  were  not  kept  under  subjection,  so  as  never  to  carry  simulti- 
neous  havoc  and  desolation  over  the  whole  earth,  or  even  over  oae 
great  region/** 

It  must  be  impossible  to  form  any  correct  judgment  as  to  the  rel*- 
tive  probability  of  these  conflicting  estimates  of  the  influence  of  tbo« 
natural  causes  now  in  action  on  the  structure  and  conformation  of  tbe 
crust  or  exterior  portion  of  the  terrestrial  globe,  without  a  previotf 
acquaintance  with  the  observations  that  have  been  made  on  the  viaib^ 
phenomena  of  the  early  formations,  and  the  displacements  and  moibi' 
cations  to  which  they  have  evidently  been  subjected.  Henoe  it  vlI 
be  requisite  to  take  some  notice  of  the  great  convulsions  of  the  sarhs 
which  have  left  indelible  traces  of  their  occurrence  ;  and  also  to  givei 
brief  description  of  the  usual  appearances  of  rocks,  and  of  their  modes 
of  consolidation,  stratification,  and  juxtaposition. 

*  Princ.  of  Geol-,  vol.  i.  pp.  126—129.  As  an  argrnment  for  tlie  probalMB* 
that  ancient  deluges  were  owing:  to  causes  similar  to  those  no'w  in  €ipcnt» 
Mr.  LyeU  observes  that  *'  the  existence  of  eQormous  seas  of  fresh  waxer,  svd 
as  the  North  American  lakes,  is  alone  sufficient  to  assure  as,  that  the  ts' 
may  come,  however  di$(tant,  when  a  deluge  may  lay  waste  a  considerable  ^ 
of  the  American  continent.'*  Mr.  Conybeare,  in  a  paper  published  ia  ^ 
**  Annals  of  l^hilosophy,  1830  and  1881,"  endeavours  to  invalidate  the  tetf« 
ing  of  Mr.  LyeU,  by  a  comparison  of  the  efitet  produced  by  the  catar»ct » 
Niagara,  ¥rith  the  erosive  action  of  the  current  of  the  Thames,  in  scocfisc 
out  the  valley  through  which  it  flows,  alleging  that  according  to  the  llavitf> 
hypothesis  of  the  formation  of  valleys,  that  of  the  Thames  must  have  bee*  ^ 
lowed  out  by  that  river,  in  the  course  of  the  same  period  of  time  daring  «^ 
the  waters  of  the  lakes  have  only  worn  a  channel  seven  mties  in  leef^ 
But  M.  Bou^  remarks  that  '*  the  hollowing  out  of  the  valley  of  the  f>>^ 
and  its  lateral  banks,  commenced  not  merely  since  the  tertiary  epodk  ^ 
long  anterior  to  it,  since  the  valley  traverses  very  different  formatioiis ;  vI(A 
on  the  contrary,  the  cataract  of  Niagara  was  formed  in  the  allavisl  modec**' 
Jovian  period  of  M .  Brongniart.*'  Previously  to  that  epoch  he  alleges  that  * 
American  lakes  emptied  themselves  into  the  Mississippi,  and  that  the  cco!* 
of  their  outlet  was  changed  by  volcanic  phenomena,  of  which  there  are  ^ 
some  traces  in  Canada  and  the  northern  United  States.  See  a  Fraich  tnsi' 
lation  of  Mr.  Conybeare*s  "Examination  of  those  Geological  Pheooofl* 
wUch  appear  to  have  the  most  immediate  Connexion  with  T1ieoi«c» 
Opinions,**  by  M.  Bou^  with  Notes,  in  his  **  M^oires  Qeolo^qaes.**  voL  L 
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Excavation  rf  Valleys,  Denudation  of  Surfaces,  and  Election  cf  Afoun* 

tavM  omd  ConttneiKs. 

The  great  diTeraity  of  appearance  of  the  sarface  of  the  earth  is 
caused  chiefly  bj  tiie  occarrence  of  Talleys  and  moontaina ;  and  aa 
inqoiry  into  the  circumstances  of  their  formation,  so  far  as  they  can  be 
ascertained  from  existing  appearances,  may  serve  materially  to  enable 
us  to  appreciate  the  nature  of  the  power  by  which  they  were  originally 
produced  or  subsequently  modified. 

Valleys  hare  sometimes  been  distinguished  into  two  classes,  termed 
Natural  Valleys  and  £xcavated  Valleys.  The  origin  of  the  former  is 
ascribed  by  Werner  to  original  inequalities  of  the  deposits  which  form 
the  surfiMse  of  the  earth.  Valleys  of  this  kind  might  originate  from 
the  gradual  desiccation  of  a  lake ;  and  precipitations  of  solid  matter 
from  the  water  might  obTiously  take  place,  without  causing  any  con- 
siderable alteration  of  the  figure  of  the  basin.  For  the  depositions 
might  form  strata  of  equal  thickness  on  the  bottom  and  sides  of  the 
cavity,  so  as  only  to  lessen  its  size ;  or  if  the  water  dried  away  very 
gradually,  the  deepest  deposit  would  be  in  the  centre,  and  the  basin 
might  still  preserve  nearly  the  same  outline. 

It  may  easily  be  conceived,  howuver.  that  the  deposit  may  be  so 
arranged  as  to  cover  the  bottom  of  the  lake,  fill  up  any  irregularities, 
and  alter  more  or  less  the  form  of  the  cavity,  rendering  it  shallower, 

and  in  place  of  a 

1        f1iV_  *^*®P  ^■''®»  leaving 

l^^L  ^^S'^^^^^M^ri^  '  valley  with  aleyel 

^^P  rfP^^^B^r  ^jL^i^        surface  at  the  hot- 

tions  of  two  valleys  of  diflervnt  extent,  the  lighter  part  marking  the 
outline  of  the  solid  rock,  and  the  darker  the  deposits  of  gnvel  and  de- 
tritus which  have  partly  filled  the  cavities.  Such  valleys,  where  tfao 
superficial  strata  are  undisturbed,  may  be  regarded  as  being  coeval 
with  the  formation  of  the  tract  in  which  they  are  situated. 

£xcavated  Valleys,  or  Vslleys  of  Erosion,  exhibit  very  different  ap- 
pearauoea.    These  occur  in  hilly  and  mountainous  countries,  while 
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the  fonoer  in»y  be  found  in  the  midit  of  extensiTa  plains.  Tbe  em- 
TBtion  of  valleys  miy  take  place  under  a  vsriet^  of  cirenmatancei,  fm- 
dncing  correaponding  irregularitieB  of  conformation..  When  stim 
which  were  once  cootinuouB  ire  broken  and  awept  away  by  a  tomni 
of  water,  if  the  beda  were  arranged  horizontally,  the  opposite  nde*  li 
the  TalW  would  preaenl  aimilar  rocks  at  the  aame  olevMionji"'^^" 
the  alluTial  aoil  Or  looaer  deposits  wonld  form  ll 


loftbeadji- 


A^ 


in  the  ntsr^nsl  figure.  Sme- 
timea,  howerer,  the  appe«Bia< 
ere  tbij  different.  The  oppc- 
'  Btrsta  of  a  Tallej  not  buif 
itally,  but  » 
■in  angle,  iMili 

oending  linea  on  one  side  aed  deaoandii*  lines  on  the  other,  as  aoj 
be  pemaiTed  in  the  following  figure. 


Tonged  h. 


In  thia  section  it  will  appear,  that  the  atralam  a,  which  fonn«  thai* 
mit  of  tbe  hill  on  one  aide  of  the  valley  B,  deacendi  to  tbe  basis  of  i^ 
hill  on  tbe  apposite  side  of  the  asme  valley.  Instance*  of  this  kiai:  a 
unfreqaently  occnr ;  and  tbey  are  obviously  owing  tn  •>»>  MSx» 
beds  hsving  been  tilted  or  upraiaed  simultaneously  by 
or  soma  other  convulaion  of  nsture,  prerionaly  to  tbe 

the  valley,  and  removsl  of  those  portions  of  i 

irtiiob  bad  ocoupied  it*  site. 
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When  the  bed*  thn*  «nt  through  and  partitllj  swept  awij  eonwM 
of  well  charaeleTiced  roolu,  auch  u  would  be  Tecogniasd  wiihoot  diffi- 
cnhj,  if  found  in  musea,  either  luge  or  small,  for  from  iha  strata  atill 
"""'"' "g  tn  lilu ;  and  when  such  shapaleBH  fr^fmenu  are  found  at  a 
diataooe  ham  the  former,  it  maj  nBtiirallj  be  ooaclDded  that  tbej,  at 
■ome  preceding  period,  filled  the  now  open  apace.  If,  then,  it  appean 
tint  tneae  detached  maaaea  faave  not  abarp  anglea  and  edges,  but  are 
worn  and  rounded,  it  muat  be  inferred,  eapecialty  if  the  rock  be  hard 
and  compact,  that  the  blocks  or  pebbles  bad  b9«n  subject  to  vialent 
attritioti  igainat  Mch  other,  in  the  course  of  their  long  and  distant 
tiansporl  i  and  that  the  same  deluge  that  bad  accaaioned  their  dia- 
niplion,  or  eipoaure  to  aubseqaenl  action  of  a  similar  description,  had 
reduced  thsm  from  an  angular  to  an  oval  or  globular  abape,  like  the 
water-worn  pebbles  on  the  sea-beach. 

Mow  there  are  to  be  met  with  in  man;  countries  on  the  sni^a  of 
the  sarth  masses  of  difiereutnies,  and  of  ever;  Tarietj  of  rock:  some 
of  these  are  large  and  angulsi,  as  is  the  case  with  the  rsat  blocks  of 
granite  strewed  orer  the  surface  of  ssFerat  parts  of  Germany,  and 
which  have  been  referred  to  ths  granitic  chains  of  the  Norwegian  and 
Swedish  moantaiua,  as  their  originBl  positioa.  Other  portions  of 
Iianaported  mattw  are  small  and  rounded,  aa  may  be  obaerTed  with 
respect  to  the  graTSl  so  largely  used  for  the  repair  of  the  roads  in  the 
ricinity  of  the  metropolis,  and  which  is  found  in  thick  and  eitenaive 
beda.  This  grarel  ia  almost  entirely  flint,  formerly  contained  in  the 
chalk  strata,  which  leem  to  hire  once  covered  nearly  the  whole  of  the 
aouth-eaatem  part  of  England,  from  some  districts  of  which  it  haa 
been  carried  away,  at  a  distant  period,  by  a  great  flood  or  floods, 
which  softened  and  washed  off  ue  lighter  CMk,  leaving  the  mora 
compact  and  heavier  flints  behind. 

Great  maaaea  of  rock  and  transported  gravel  are  found  in  the  north 
of  England.  Professor  Buckland  observed  among  the  gravel  of  Dur- 
ham twenty  varietiee  of  slate  and  greeuatone,  which  do  not  occur,  in 
stEu,  nearer  than  the  lake  district  of  Cumbtrhmd.  IIm  iiisu  rL..'itLi,.rLS  a 
large  block  of  granite  at  Darlington,  of  tLi'  <.miil>^  iniun-  n  in,  ili,ii  at 
Shap,  near  Penrith;  and  other  blocks  of  ttji^  ^'rauitu  aiu  t'.,unil  in  dif. 
ferent  parts  of  Durham.*    Frofaasor  Sed^ick  ocuce*  laj^ge  truua- 

*  BBCkland>a  Bdiqnla  IHluTiana,       «^  a^^- 
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ported  boulders  on  parti  of  the  Derbyshire  cbsin  of  bills  overbsngiBg 
the  great  plain  of  Cheshire.  He  observed  boulders  and  pebUes  it 
the  base  of  the  Cumberland  mountains,  which  must  have  been  trass- 
ported  across  the  Solwsj  Firth,  from  Dumfriessbire.  On  a  bill  nev 
Uajton  Castle,  about  four  miles  north-east  from  Maryport,  thers  an 
large  granitic  boulders  resembling  the  rocks  of  the  Oiffel ;  and  amoof 
them  a  spheroidal  mass,  in  one  direction,  10^  feet  in  diameter.  Vui 
multitudes  of  transported,  or  as  they  have  been  termed  erratic  biich, 
are  found  scattered  over  the  northern  counties  of  England. 

The  blocks  of  Shap  granite,  which  cannot  be  confounded  with  &Sba 
rocks  in  the  north  of  Lngland,  sre  not  only  drifted  over  the  hills  nm 
Appleby,  but  have  been  scattered  over  the  plain  of  the  new  red  ssb4> 
Stone ;  rolling  over  the  great  central  chain  of  England  into  the  pbiai 
of  Yorkshire ;  imbedded  in  the  transported  detritus  of  the  Tees }  ui 
even  carried  to  the  eastern  coast.* 

In  Scotland,  likewise,  such  blocks  abundantly  occur,  and  in  worn 
remarkable  situations ;  as  in  the  Shetland  Islands,  where  there  an 
boulders,  which  do  not  correspond  with  any  known  rock  in  the  cms- 
try,  and  which  were  probably  derived  from  the  northward.  It  secw 
likewise  that  similar  phenomena  are  observable  in  the  Feroe  lalaadt.* 

"  The  probability,  therefore,"  says  Mr.  De  la  Beche,  "  as  Iv  as  tk< 
above  facts  seem  to  warrant,  is,  that  masses  of  water  have  proeeedK 
from  north  to  south  over  the  British  Isles,,  moving  with  snficier 
velocity  to  transport  fragments  of  rock  from  Norway  to  the  s^hetfaac 
Isles  and  the  eastern  coast  of  Englsnd ;  tlie  course  of  such  maiwa  c 
water  having  been  modified  and  obstructed  among  the  Talleys,  ktt» 
and  mountains,  which  they  encountered  ;  so  that  various  minor  m 
low  currents  baring  been  produced,  the  distribution  of  detritus  W 
been  in  various  directions."  X 

The  continents,  both  of  Europe  and  North  America,  frequently  p^ 
sent  analogous  phenomena  of  erratic  blocks  and  trannported  ^ravet 
is  difficult  to  account  for  the  occurrence  of  erratic  blocks,  purbrataef 
in  certain  situations,  from  which  it  must  be  inferred,  that  tbcj  b** 
been  carried  across  the  sea,  and  sometimes  to  great  distances.     It  ^ 

*  De  la  Beche's  Geol.  Man.,  pp.  187,  188. 

t  Dr.  Hibbert,  in  Edinb.  Jonra.  of  Science,  voL  vii. 

t  Geolor.  Man.,  p.  180. 
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been  oonjeetuTed  that  thisse  massive  bodies  might  have  been  imbeddett 
in  ice,  and  thns  conveyed  bj  currents  which  would  have -failed  to 
remove  them  had  not  their  specific  gravity  been  thus  diminished^ 
Other  hypotheses  have  been  proposed  to  account  for  these  phenomena, 
but  they  are  not  sufficiently  probable  to  require  further  notice ;  and  wi 
shall  only  remark,  in  the  words  of  a  distinguished  writer,  that  "solu- 
tions of  the  problem  of  erratic  blocks  seem  not  very  practicable  at 
present." 

In  some  districts,  immense  tracts  of  strata  several  hundred  feet  in 
thickness  hare  been  torn  from  the  inferior  surface,  and  the  materials 
all  carried  off,  except  some  occasional  patches,  forming  the  caps  of 
isolated  hills,  the  analogous  composition  of  which  shows  that  they 
were  once  parts  of  a  continuous  formation.  These  extensive  removals 
of  superficial  strata  have  been  termed  Denudations,  of  which  pheno- 
mena Great  Britain  presents  numerous  instances;  one  of  the  most 
remarkable  of  which  is  that  called  the  Denudation  of  the  Valley  of  the 
Weald,  including  the  district  between  the  North  and  the  South  Downs, 
chiefly  in  the  county  of  Sussex.  The  geology  of  this  tract  has  been 
rendered  highly  interesting  by  the  researches  and  important  disco- 
veries of  Mr.  Mantell,  relative  to  the  fossil  remains  imbedded  in  some 
of  the  strata;  which  will  be  subsequently  noticed.  The  Wealden 
country  is  bordered  on  three  sides  by  chalk  hills,  which  terminate  ab- 
ruptly on  its  confines,  and  which  appear  to  have  once  extended  over 
the  intermediate  space.  *'  rhe  theory  advanced  by  Mr.  Farey,  to 
explain  Denudations,  was,  that  the  surface  had  been  broken  and  swept 
away  by  the  near  approach  of  a  comet,  fiut  the  most  rational  expla^* 
nation  that  can  be  offered,  is  that  which  ascribes  the  effect  to  a  mighty 
deluge,  sweeping  over  the  surface  of  the  globe,  tearing  off  part  of  its 
crust,  and  transporting  the  fragments  into  distant  regions,  or  into  the 
ocean."* 

The  origin  of  valleys  has  sometimes  been  attributed  to  those  con- 
vulsions of  the  earth  which  occasion  the  elevation  of  mountain  ndges; 
and  some  valleys  must  doubtless  have  been  thus  produced,  however 
they  have  been  subsequently  modified  by  the  action  of  the  atmosphere 
or  of  running  water.  **  If  the  crust  of  the  globe  were  broken,  and 
raised  in  parallel  ridges,  they  might  form  mountain  ranges,  with  val^ 

•  Bakewell's  Introd.  to  Geol.,  p.  fti0. 
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1^8  between  them,  likewbat  are  observed  bordering  €be  centnlnBge 
of  the  Alps ;  the  arched  stratification  of  many  of  the  caleaxeons  in0iB> 
tains,  and  the  vertical  position  of  the  beds  favours  this  hypothesis.'' 

The  production  of  mountains  has  been  ascribed  to  different  eaum; 
but  the  most  obvious  and  important  seem8[to  be  elevation  in  cqii» 
quence  of  some  force  acting  from  beneath.  Volcanic  action  has  inim> 
merous  instances  formed  mountain  cones  and  peaks*  consisting  of  d^ 
posits  of  scorise,  ashes,  and  lava.  But  there  are  many  sitoatioDB  ii 
which  granitic  and  other  primary  rocks,  constituting  in  general  de 
lowest  strata  of  the  crust  of  the  globe,  have  been  raised  in  a  jwH^ 
state,  so  as  now  to  form  the  summits  of  lofty  mountains.  Long  dnns 
or  ridges  of  hills,  which  occur  in  various  parts  of  the  world,  caiuoi 
originate  from  the  immediate  influence  of  volcanic  eruptions.  Svk 
elevations  of  solid  matter,  and  extensive  ridges,  therefore,  most  bi 
supposed  to  be  owing  to  the  operation  of  causes  such  as  those  wbki 
occasion  earthquakes,  or  rather,  in  hot,  to  be  the  result  of  esithqiiafai 
taking  place  on  a  most  stupendous  scale. 

The  manner  in  which  the  more  dense  and  solid  masses  of  priaiKT 
rocks  may  be  forced  up,  and  made  to  break  through  the  less  compK: 
strata  of  clay,  gravel,  or  o<her  substances,  by  pressure  from  below,  tad 

thus  form  the  samBS 
of  a  raoantsin  nift 
may  be  nadenlBOi 
from  the  msniu 
figure.  Here  the  in» 
gular  conical  mass  ■ 
the  oeatre,  which  «r 
be  supposed  to  be  gi> 
nite,  gneiss,  or  primary  limestone,  is  represented  as  having  bust  a8i» 
der  the  superior  strata,  which  now  form  the  sides  of  the  namintr' 
Wherever  strata  originally  horizontal  exhibit  a  vertical  or  highlv-ir 
elined  position,  the  sudden  and  violent  operation  of  an  elevafeing  lov 
may  be  inferred ;  and  where  mountains  are  raised  to  e  cqo^miU' 
height,  and  preserve  an  unbroken  range  of  nearly  horinontsl 
must  be  concluded  that  the  upheaving  force  was  slow  in  its 
or  acted  on  a  large  segment  of  the  eaith's  surface. 

The  elevation  of  large  continents  and  entire  islands  must*  like  iktf 
of  mountains,  have  been  owing  to  the  action  of  a  force  htm.  b<fe« 
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bat  the  magnitude  of  the  effect  produced,  and  the  difference  of  the 
phenomena,  show  that  there  must  have  been  a  considerable  diversity 
in  the  mode  of  operation.    Probably  all  large  tracts  of  country  or 
continents  emerged  slowly  from  the  ooeao,  at  first  forming  islands, 
before  the  lower  tracts  were  raised  aboye  the  level  of  the  sea.    The 
power  requisite  to  upheave  a  continent,  or  in  other  words,  to  cause  the 
protrusion  of  a  large  portion  of  the  solid  surface  of  the  earth,  must  be 
very  different  from  the  force  which,  acting  in  certain  lines,  occasioned 
the  elevation  of  mountain  ranges.    This  country  affords  instances  of 
the  apparent  difference  between  the  modes  of  action  of  those  forces 
which  raised  ridges  of  hills,  and  those  which  elevated  continents  or 
extensive  islands.    "  The  elevating  force  that  broke  and  tilted  up  the 
chalk  strata  and  the  tertiarv  strata,  along  a  line  extending  east  and 
west  through  the  Isle  of  Wight,  into  Dorsetshire,  does  not  appear  to 
have  produced  any  considerable  change  on  each  side  of  the  line.    In 
passing  from  Alum  Bay,  where  the  chalk  strata  are  nearly  vertical,  to 
the  south  side  of  the  island,  it  is  truly  extraordinary  to  observe  how 
little  the  lower  beds  beneath  the  chalk,  and  adjacent  to  it,  appear  to 
have  been  disturbed.    The  force  which  uptilted  the  strata  is  alto- 
grether  distinct  from  that  mighty  upheaving  force,  which  raised  the 
whole  chalk  hills  in  the  south  of  England  from  the  ocean,  without  dis- 
turbing the  relative  position  of  the  strata."* 

Some  extraordinary  elevations  of  land  are  said  to  have  taken  place 
at  yery  recent  periods.  Von  Hoff  states  that,  in  1771,  several  tracts 
oi  land  were  upraised  in  Java,  and  that  a  new  bank  made  its  appear- 
ance opposite  the  mouth  of  the  river  Batavia.  It  has  also  been  as- 
serted, tiiat  it  appeared  on  the  morning  after  the  earthquake  in  Chili, 
in  1822,  that "  the  whole  line  of  coast,  firom  north  to  south,  to  the 
distance  of  above  100  miles,  had  been  raised  above  its  former  level." 
The  accuracy  of  the  observations  on  which  these  statements  are  founded 
have,  however,  been  questioned  by  Mr.  Greenough :  but  this  cele- 
brated geologist  admits  that  it  is  a  pomt  deserving  of  consideration, 
•*  whether  there  may  not  be  going  on,  in  the  calmest  seasons  and  in 
the  stillest  countries,  a  chronic  and  almoU  imperceptibU  impulsion  of 
land  upwardt  ;*'  and  he  refers  to  the  researches  of  the  Swedish  philo- 

*  BakeweU*s  Introd*  to  Geologf ,  pp.  500, 601. 
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sopbers  coDcerning  the  decreasing  height  of  the  waten  of  tbt 
Baltic,  as  affordiog  some  OFideoce  that  such  aa  operation  is  ii 
progress.* 

The  eyidences  of  both  elevation  and  depression,  in  former  times,  m 
abundantly  demonstrative.  The  occurrence  of  beds  of  oysten  vA 
other  sea-shells  on  the  tops  of  mountains  and  on  elevated  plains,  siionn 
that  the  land  must  at  some  distant  period  have  been  submerged;  ni 
the  remains  of  forests  seen  beneath  the  surface  of  the  sea  ofif  die  G018& 
of  Yorkshire,  Lincolnshire,  and  in  other  parts  of  the  world,  indicate  the 
changes  that  have  taken  place  of  a  contrary  description.  It  is  nat 
fest,  then,  that  some  portions  of  the  earth's  surface  have  been  ^ 
pressed,  and  what  was  once  dry  land  has  become  the  bed  of  theiM. 
while  other  parts  formerly  covered  by  its  waters,  and  resorted  to  br 
marine  Crustacea,  have  been  since  upheaved  into  hills  and  moatmt 
ridges,  thickly  strown  with  the  exuviae  of  their  ancient  inhabitants. 

The  earth  seems  to  be  subject  to  a  kind  of  oscillation  of  surface;  cc' 
area  of  which  may  be  reduced  below  the  level  of  the  ocean  at » 
period,  and  another  at  another.  All  the  rocks  which  have  origintf^ 
since  this  globe  became  the  scene  of  organic  life,  afford  evidoices  >' 
their  having  been  deposited  under  a  liquid,  except  the  volcanic  tf^ 
trap  rocks,  the  igneous  origin  of  which  cannot  be  doubted.  Tbatp 
nite,  gneiss,  primitive  quarts,  and  limestone,  with  the  other  non-n^ 
siliferous  rocks,  were  produced  in  the  same  manner  with  those  li^ 
mentioned,  may  also  be  admitted  as  at  least  probable.  These  rccb 
form,  as  it  were,  the  skeleton  or  basis  of  the  solid  cruat  of  tbeeiiti 
and  they  appear  to  be  the  most  widely  and  continuously  distribute: 
In  the  rocks  of  this  class  are  chiefly  found  the  metallic  ores  and  w>f 
valuable  minerals.  The  superior  rocks  or  strata  are  more  espe<<^)^' 
interesting  on  account  of  Uie  bodies  they  contain,  either  curioos  (' 
useful,  derived  from  organic  matter. 


*  See  the  Athenssum  Journal  for  June  14,  1834,  No.  340,  for  iiiterts£:> 
extracts  from  the  Address  delivered  by  Mr.  Greenough,  as  Preddeat  v  &' 
peological  Society,  at  their  last  meeting  of  the  session,  June  4. 
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General  Structure  and  Composition  of  Rockt,  and  their  Modes  of 

Juxtaposition* 

The  different  kinds  of  rocks  may  be  disting^shed  as  respects  their 
mineralogical  composition  and  their  mechanical  structure.  Considered 
as  mineral  bodies,  thej  are  either  simple  or  compound.  Thus  there 
are  some  that  consist  essentiall  j  of  a  single  mineral,  as  Quartz  Rock, 
which  is  composed  of  quartz  or  siliceous  earth ;  and  Primitive  Lime- 
stone, and  Chalk,  which  both  consist  of  carbonate  of  lime. 

The  minerals  that  enter  into  the  composition  of  rocks  are  by  no 
means  numerous ;  and  of  these  the  most  important  are  included  in  the 
following  catalogue :  * 

1.  Argillaceous  Earth  (Indurated  Clay)  [243].t 
3.  Siliceous  Earth  (Quartz)  [243]. 

3.  Steatite  t  [345]. 

4.  Feldspar  [247]. 

5.  Albite,  or  Cleayelandite  [247]. 

6.  Mica  [248]. 

7.  Chert,  or  Homstone  [244]. 

8.  Pitehstone  [247]. 

9.  Talc  [248]. 

10.  CA/orite  [2481. 

11.  Hornblende  [248]. 

12.  Serpentine  [248]. 

13.  ActmoUU  [248]. 

14.  Augite  [249]. 

15.  Diallage  [249]. 

*  See  Dr.  Maccnllodi's  Geological  Classification  of  Rocks,  1821,  p.  I66 ; 
and  Phillips's  Outlines  of  Mineralogy  and  Geology,  p.  88. 

t  The  numbers  annexed  to  the  names  of  the  dUTerent  minerals  indicate  the 
pajsres  of  the  preceding  treatise  on  Mitteralogp,  in  which  they  are  respectiTely 
dMcribed. 

t  Those  minerals,  Hie  names  of  which  are  printed  in  italics,  are  compara- 
tirely  of  unusual  occurrence,  or  are  found  in  relatiydy  small  proportions  in 
those  rocks  of  which  they  are  ingredients. 

2  c 
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16.  Hypersthene  [249]. 

17.  Garnet  [«49]. 

18.  Schorl  [25l]. 

19.  Carbonate  of  Lime^Chalk  [357], 
30.  Carbonate  of  Ma^pesia  [260]. 
SI.  G3rp8um  [265]. 

22.  Oxide  of  Inm* 

23.  Bitumen. 

24.  Coal. 

Besides  some  of  the  minerals  in  the  preceding  list,  Mr.  PUlip* 
mentions  the  following,  as  being  sometimes  interap<emed  in  foeb, « 
occasionally  forming  masses  in  them  i  iron  Pyrites  [336],  Snl^nR<e 
Molybdena  [239],  Oxidulated  Iron  [240],  Oxide  of  Tin  [t4«],  Tk 
[244],  Calcedony  [244],  Jasp6r  [245],  Obsidian  [247],  Caleanoc 
Spar  [258],  Dolomite  [260],  and  Arsenical  Iron  [263J.  The  m 
writer  has  g^ven  a  list  of  minerals  most  frequently  oectnriBg  in  ?«» 
These  are  Carbonate  of  Barytes  [257].  Phosphate  of  Lime  [262],  St* 
phate  of  Barytes  [265],  Selenite  [265],  and  Floor  Spar  [267] ;  beatf 
several  ores  of  iron,  manganese,  copper,  lead,  and  zinc,  infotaiic:: 
concerning  which  may  be  found  in  the  treatise  <m  MetaUmrgf  ^ 
Mining  in  this  volume. 

It  will  appear  from  the  preceding  statements,  that  tbe  minenl  c^ 
stances  which  contribute  most  largely  to  the  componitioa  of  ne> 
amount  to  about  a  dozen ;  and  these  must  obvionaly  des^'ve  tbe  pc^ 
eipal  attention  of  the  geologist.  Those  that  are  more  rare  sboold  vt 
however,  be  neglected,  as  &eir  presence  sometimes  senreft  to  idests; 
particular  kinds  of  rocks,  and  fiunish  their  disoriminoting^  diaxacttft 

The  interest  and  importance  of  the  various  rocks  to  tiM  geolop» 
depends  greatly  on  their  relative  situation,  as  contribiiting'  to  iim^ 
crust  of  the  earth.  Of  all  the  lower^  or,  as  they  are  termed,  prinis^ 
rocks,  the  most  important  is  granite,  which  is  considered  as  s  caaa/f 
or  non.  stratified  rock,  and  is  thus  distinguished  firom  ipMiss.  ^ 
mineral  composition  of  which  is  similar,  but  which  is  composed  ti^ 
tinct  strata,  and  has  been  therefore  sometimes  styled  stratified  grtaiv  ^ 
granitic  slate.  "  Granite,"  according  to  Mr.  ]3e  la  Beohe,  '*is  »^*- 
fusedly  crystalline  compound  of  quarts,  feldspar*  mica,  sad  krt*' 
blende."    But  there  are  various  kinds  of  granite, 
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dencminated  contaming  <mlv  feldspar  and  mica,  otbeia  feldspar  and 
quarts,  feldspar  and  hornblende,  or  quartz  and  hornblende.  But 
&oagh  all  such  might  be  termed  granitic  rocks,  the  appellation  of 
granite  should  rather  be  restricted  to  compounds  of  feldspar,  quartz, 
and  mica.  This  rock,  forming  a  most  exceUent  architectural  material, 
has  been  abundantly  used  in  the  buildings  and  parements  of  the 
metropolis,  and  in  other  places,  so  that  its  general  appearance  needs 
not  to  be  described ;  and  it  is,  perhaps,  unnecessary  to  add,  that  it  con- 
stitutes the  balustrades  and  side-pavements  of  Waterloo  Bridge.  In 
some  specimens  of  granite  the  three  characteristic  minerals  are  in  very 
small  crystals,  intimately,  and  generally  blended  into  a  grey  mass ;  in 
others,  on  the  contrary,  the  crystals,  particularly  those  of  Uie  feldspar, 
are  extremely  large,  and  in  greater  proportion  than  common.  Hed 
granite,  which  is  nnmd  in  Scotland,  contains  much  feldspar,  which  is 
of  a  red  or  flesh  colour,  instead  of  being  white,  as  usual.  Graphic 
granite  consists  of  quarts  and  feldspar  only,  the  crystals  of  the  latter 
being  so  distributed  amidst  those  of  the  quartz,  as  to  give  the  surfiioe 
of  the  rock,  when  broken,  the  appearance  of  being  corered  with  antique 
characters. 

Diallage  Rock  consists  either  of  the  mineral  from  which  it  takes  its 
name  alone,  or  of  diallage  and  feldspar,  forming  a  granular  crys- 
talline compound.  The  former  variety  is  rare,  but  the  latter  abounds 
in  seme  of  the  Shetland  Islands.  There  are  other  varieties,  which 
contain  actinolite,  talc,  chlorite,  quartz,  or  mica. 

Greenstone  is  a  granular  rock,  chiefly  composed  of  hornblende  and 
feldspar,  but  sometinies  including  quartz,  and  occasionally  calcareous 
spar. 

Serpentina  consists  essentially  of  the  mineral  of  that  name,  but 
flomstiaMS  contains  hornblende,  and  also  reins  of  steatite,  talc,  or 
aebeetos.  It  is  commonly  of  a  dark  green  colour,  intermixed  with 
red,  with  waving  lines,  and  convolutions  on  its  surfiuse. 

Syenite  is  a  compound  of  feldspar,  hornblende,  and  quartz,  con- 
faaadXy  aegragated,  the  former  generally  predominating.  It  derives 
its  name  from  Syene  in  Upper  E^^t,  where  however,  it  is  said,  the 
rook  is  of  a  different  nature.  It  is  usnallv  very  hard,  and  of  a  dull 
red  colour,  as  the  rock  at  Mount  Sorel,  m  Leicestershire,  but  it  is 
•ometimes  grey,  or  dark  green. 

S  0  f 
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Among  the  other  onstratified  rocks  may  be  mentioned  ScIxntI  Koct, 
composed  of  schorl  and  quartz,  and  Hypersthene  Rock,  oontainio^ 
feldspar  or  albite,  and  sometimes  quartz. 

Porphyritic  rocks  vary  in  composition,  but  they  are  usaaUy  of  i 
reddish  or  purple  colour,  and  contain  crystals  imbedded  in  a  vaiaid 
mass,  as  if  they  had  been  inclosed  when  it  was  in  a  semiflaid  stite. 
"  Porphyries  are  generally  known  by  the  name  of  the  base  ot  ptfS 
which  includes  the  disseminated  crystals:  thus  we  hare  claTstotf 
porphyry,  feldspathic  porphyry,  and  clinkstone  porphyry.*^ 

The  stratified  rocks  are  commonly  supposed  to  have  been  ibnci 
from  the  detritus  of  the  unstratified  rocks,  taken  up  and  afterwib 
deposited  by  water ;  unless  where  they  consist  of  single  minenls,  n 
limestone  and  quartz,  which  must  hare  been  produced  by  tihmid 
precipitation.  The  following  are  the  inferior  stratified  or  noo-fe* 
siliferous  rocks  described  by  Mr.  De  la  Beche  :t  ArgiBaceooi  ff 
Clay  Slate,  Chlorite  Slate,  Talcose  Slate,  Quartz  Rock.  HornUiod' 
Rock  and  Slate,  Primitive  Limestone,  Compact  Feldspar,  or  £oni«> 
Mica  Slate,  Gneiss,  and  Protogine.  The  nature  and  general  eompo 
sition  of  most  of  these  rocks  is  indicated  by  their  appeUatkat: 
gneiss,  as  before  stated,  is  a  stratified  or  schistose  g^ranite,  and  p 
togine  differs  from  it  only  in  containing  talc  or  steatite,  instead  i 
mica. 

The  superior  rocks  may  here  be  dismissed  with  a  cursory  noQ» 
Grauwacke^  or  gre3rwacke,t  has  been  described  as  an  aggiegitt  ^ 
mented  by  ferruginous  clay,  and  composed  of  the  debris  of  tb«  prv^ 
tire  rocks."  $  The  inclosed  fragments  are  sometimes  smaD  ands^ 
nular  and  sometimes  as  large  as  a  nut. 

Transition  Limestone  is  so  named  to  discriminate  it  from  tke  ^ 
calcareous  rocks,  and  particularly  from  the  inferior  or  pximitiTe  iif^ 
stone.  The  term  transition  is  derived  from  the  school  of  Wenar.*^ 
regarded  all  rocks  as  having  been  produced  by  depodtiaa  fi<* ' 

*  De  la  Beche*8  Geol.  Man.,  p.  447.  t  See  Geologr.  Man.,  aeet  t  ^ 

t  The  rock  was  thus  named  by  a  German  miner,  who  was  sccnstv^  * 

term  every  rock  he  was  unacquainted  wlUi  wacki,  and  he  diatinguisfae'  ^ 

by  the  epithet  ^raw,  grey,  from  its  colour. 
S  Mawe'a  Familiar  Lessons  on  Mineralogy  and  Geology,    isch  edit  ^ 

p.  78. 
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liquid,  and  considering  those  which  contain  no  organic  remains  (as 
granite  or  gneiss),  to  be  the  oldest,  he  gare  the  appellation  of  trantition 
rocks  to  the  immediately  superincumbent  masses,  in  which  occur  re- 
mains of  zoophytes,  and  other  petrifactions  of  the  relics  of  the  lower 
orders  of  organized  beings,  but  none  of  yertebrated  animals,  or  of  any 
of  the  higher  orders.  Hence,  also,  he  concluded  that  the  rocks  thus 
constituted  were  formed  while  the  earth  was  in  a  state  of  transition 
from  a  comparatively  uninhabitable  to  an  inhabitable  condition. 
Among  the  calcareous  rocks  also  are  Carboniferous  Limestone,  Mag- 
nesian  Limestone,  and  Muschelkalk,  or  Shell  Limestone,  besides 
others. 

Red  Sandstone  exhibits  gpreat  diversitj  of  texture,  sometimes  form- 
ing  a  reddish  or  variegated  marl  or  clay,  and  sometimes  compact  stony 
masses ;  in  either  case  exhibiting  streaks  of  light  blue,  yeidigris,  or 
cream  colour. 

Shale  includes  all  the  argillaceous  schists  of  the  secondary  class, 
sometimes  improperly  called  slate  clay.  These  rocks  seldom  form 
extensive  beds,  but  are  found  in  thin  strata,  often  of  mere  laminae, 
alternating  with  the  other  rocks  with  which  they  are  associated.  Shale 
occurs  together  with  coal,  with  which  it  likewise  alternates,  and  it  fre- 
quently contains  organic  remains.* 

Lias  is  a  term  derived  from  the  English  miners,  to  denote  an  argillo- 
calcareous  deposit,  occurring  in  England  aad  other  parts  of  Western 
Europe,  above  the  red  sandstone,  and  below  the  chalk,  forming, 
according  to  the  arrangement  of  Mr.  De  la  Beche,  a  portion  of 
the  Oolitic  group,  so  called  from  the  oolite,  or  roestone,t  which 
constitutes  &e  upper  part  of  the  group,  while  the  lias  forms  its 
base. 

1'he  Trap,  or  Overlying  Rocks,  are  unstratified,  and  are  supposed 
to  be  the  products  of  ancient  volcanos.  They  occur  in  masses,  gene- 
rally irregular,  and  in  outline  presenting  the  appearance  of  steps, 
whence  the  appellation  of  trap,  which  is  of  Swedish  origin.  Dr. 
Mscculloch  calls  them  overlying  rocks,  doubtless  because  they  are  in 
most  instances  found  resting  on  almost  every  other  kind  of  rock,  from 

*  See  Dr.  Maoenllodi  on  the  dasslflcation  of  Rocks,  pp.  455— 463. 
t  See  Treatise  on  Minermlogif,  p.  869. 
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chalk  to  granite.  They  are  ahundant,  and  sometimes  form  considerabfe 
mountains,  though  npon  the  whole  they  are  of  more  limited  extent 
than  the  stratified  rocks. 

Basalt  is  a  designation  applied  to  varioas  dark-coloured  rocks,  of  i 
close  fine-grained  texture.  It  resemhles  greenstone,  and  some  writen 
describe  it  as  composed  almost  wholly  of  hornblende,  o&ers  of  angite, 
feldspar,  and  titaniferous  iron.  Olivine  is  sometimes  contained  in  it, 
and  also  quartz,  calcedony,  calcareous  earth,  and  other  substances. 
Basalt  exhibits  a  columnar  structure,  and  becomes  poroos  on  lint 
exterior  surface,  from  partial  decompoffltion. 

Wacke  resembles  indurated  clay,  often  highly  ferruginous,  and  is 
either  compact  or  cellular.  It  appears  to  be  basalt  in  a  state  of  decoiD- 
position.  Greys'tone,  Porphyry  Slate,  and  Clinkstone  have  been  coo- 
sidered  as  varieties  of  either  basalt  or  greenstone. 

Trachyte  is  generally  composed  of  feldspar,  and  sometimes  oontaini 
albite.  It  is  chiefly  porphyritic,  from  included  crystals  of  homMoMif, 
mica,  augite,  sphene,  and  sometimes  other  minerals. 

Amygdaloid  is  a  trap  rock,  the  basis  of  which  is  indurated  day,  ff 
compact  feldspar.  Various  minerals,  as  agate,  quartz,  mesotypA 
analcime,  stilbite,  prehnite,  carbonate  of  lime,  green  earth,  UthMuaisv 
and  iron  pyrites,  are  occasionally  imbedded  in  this  rock,  rendering  i 
porphyritic ;  and  their  disintegration  or  decomposition  prodnees  a  ▼^ 
sicular  structure,  giving  it  the  appearance  of  cellalor  lava. 

Pitchstone,  which  is  considered  by  some  as  a  semivitriiied  bssik 
has  been  found  to  contain  a  considerable  proportion  of  bitumen. 

Cornean  is  a  term  which  has  been  used  to  denote  a  kind  of  rod 
the  composition  of  which  appears  to  be  undetezmiaed.  It  aoieti— 
approaches  to  the  characters  of  basalt,  being  very  hard,  and  in  o^ 
cases  more  closely  resembles  wacke.  Brongniart  conceired  it  to  k» 
the  basis  of  the  Derbyshire  toadstone. 

Traptufif  is  composed  of  the  debris  of  the  other  rocks  of  this  dv^ 
united  by  an  argillaceous  cement,  and  forming  a  coarse  'breccia. 

The  principal  compounds  which  are  the  products  of  modem  y^ 
canos  are  porphyritic  and  basaltic  lavas,  obsidian  or  volcanic  gbt^ 
pumice  or  porous  lava,  volcanic  conglomerate,  and  volcanic  tufa.  Tbf 
minerals  contained  in  these  more  recent  igneous  rocks  have  bes 
already  noticed. 
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Tb«  mMhtniMl  Btractare  of  rocks  idnuU  of  distucdoiu  with 
itgud  to  theii  intemal  textaie,  or  their  eztemal  sppearuics.  It  irill 
be  inJEciant  to  enumeiate  the  desigaatiDna  of  iuterior  Btnictare  hj 
whiob  different  rocln  ue  chuBcterized.  Theee  nre  the  atony,  com- 
put,  eirth/,  g7aaul*r.  fihroui,  luDeUnr,  foliiit«d,  achtgtoee,  ceUnlar, 
piiamatio,  amygdaloidsl,  porphjritic,  end  conglomerated  Tuielies  of 
GOnformition. 

With  reference  to  their  sxterioi  ■tTDCtaie  end  appearanoe,  rocks 
mieht  he  distiiiguiabsd  into  ihoH*  which  sie  aymmetrioil,  «nd  those 
which  sre  unorpfaons.  Both  these  terms,  hDwever,  moat  be  emplojed 
with  t  ooniidarahle  decree  of  Istitade.  Among  the  lymmetrical  rocks 
may  be  reckoned  those  which  srs  stratiGed.  tabular,  or  colomnar ;  and 
■II  ibe  other  descriptioas  of  rocks  mar  be  regarded  as  amorphoas, 
or  rather  polymorpbous,  their  eitemel  fiinna  depending  on  incidental 


Stratified  rocks  are  those  in  which  masses  of  similar  composition,  as 
clayslate  or  saadstona,  extend  throngh  a  hill  or  mountain  in  neaify 
parallel  layers  or  strata.  They  display  in  different  situationa  great 
varieties  of  arraagemeac  and  juxtaposition.  Sometimei  the  strata 
whicb  form  a  rocky  eminence  are  placed  in  flat  horizootal  nuBsea,  one 
above  another.  The  mar- 
ginal figure  may  be  lup- 
posed  to  represent  a  hiU, 
the  base  of  irhich  is  com- 
posed of  granite,  E ;  on 
which  rests  a  stntiun  of 
gneiss  or  mica-slate,  Dj 
^  supporting  one  of  sand- 

"V  stone,  C  ;  naring  shore  it 
-i  ■  ^  anotherof  Chalk  with  im- 
bedded Dodulei  of  flint, 
B  i  crowDtd  by  clay,  grarel,  or  any  aUurial  matter,  A.  Sometimes 
the  strata  composing  rocks  are  inclined  at  angles  more  or  less  acute, 
varying  from  the  boriiontil  to  the  Tcrtical  position.  In  some  aitua- 
tiona  the  strata  take  a  waring  course,  rising  with  the  ondulaling  sar- 
Ihce  of  the  hills  on  one  side,  and  declining  on  the  other,  in  Che  manner 
reproMDUd  in  the  annexed  diagram. 


Conliamoiia  or  nnniwitiea  of  strata,  of  a  mncli  more  sbrnpt  chi- 
rutar,  are  dao  GDmmoa  in  mountain  laageB,  mdicating  the  p«c«b( 
operaUoo  of  extraordinary  force  in  their  fbrtoation  **  Cantorsioa  i^ 
quires  that  the  roclu  in  which  it  la  ohserrBhle  ahoald  have  been  m  > 
fielding  state,  end  Chat  the  particleB  were  oapahle  of  a  certain  mon- 
ment  among  each  other,  lo  that  when  force  waa  applied  no  absnlii 
tiacture  was  occaaioned.  Sii  James  Hall  haa  long  ainoe  sbotrn.lto 
to  prodnce  contortion  hy  lateral  preaaare,  there  must  be  r^aV* 
both  above  and  beneath,  the  former  at  least  being  capable  of  yieldai 
in  a  minor  degree.  He  illuBtrated  thia  fact  bf  siporimant,  and  iln'n' 
that  these  conditions  ate  necessaiy  to  the  prtMncdon  of  ooatotnoBi  bf 
lateral  forces."*  The  eiperiment,  which  ma;  be  easily  repcaHJ 
merely  conaiated  in  placing  layers  of  varions  aorta  of  cfoth  apia ' 
flat  table,  covering  thejo  with  a  loaded  board,  and  applyiiw  ^ttfi 
preasnre,  bo  as  to  raise  the  Buperincamhent  weight  to  a  oertUD  «!>• 
when  the  cloth  became  folded  and  contorted  in  a  manner  eiK<^ 
■nalogona  to  the  contortiona  of  netnral  locka.t 

Contorted  strata  ere  especieJly  obaerrable  on  the  flanks  or  alira  > 
mountain  chains.  The  following  figure  eihibits  a  section  of  p*>4 ' 
a  mountain,  in  which  a  atratum  of  limestone,  included  betwei  mia' 
aliata  of  ahatea  or  slates,  has,  Icvether  with  them,  been  acted  ca  ^^ 
in  a  yielding  atate,  by  forces  wbicb  here  caused  deep  and  •Imip*  * 

•  DelaDeclie'BGeoloafcalResearchtB.p.W. 

t  1Tui>actiDniarUiB&o7«lSac1et]'ofE(Unbarsfa,  TOl.  tU.plH. 


IS  of  nrl^ca.  Tbs  limeetone  Btntam,  a,  a,  n,  a,  is  leen  iactod* 
jng  ID  iU  linitoaities,  llie  anpflrior  beds  of  ibile,  &c.,  marked  b,  b,  b, 
and  ibo  inftrior  beds  of  the  Bame  nature.  Id  iLb  Alpe.  between  Mount 
JUgUand  the  Hoapir- ''' ''*  '^-•' — '  ~  — " — '— • — ■■-' — •--'>' — 


. .  j>  migbt  bare  been  produced  in  the  mannei  alieadj  de- 

aerib«d.  b]i  tbe  eombioed  ap«ralion  of  rerticil  and  lateral  foriea.* 
Examples  of  (he  waring  or  ngng  dirsctioD  of  atrata  occur  occaaioD- 
alljin  onr  coal-mines:  and  at  Aniin,  neBrVilenoiennea,  a  renwrkahla 
inatauoe  baa  been  obaerred  of  thia  derangement  of  the  coal  strata, 
which  Bie  bent  up  and  down,  and  coroied  bj  horizontal  itrats  of 
chalk,  marl,  and  cUj,  auhaeqaenllj  dapoaitBd. 

The  strata,  inalaad  of  risiog  lowarda  Lbe  annimit  of  a  bill,  ma^  be 
deprvaaed  in  the  cenlts,  as  if  the;  had  been  depoaited  in  a  baaio,  Ot 
trough-sbsped  hollow. 


I'he  preceding  figoio  repreaenta  a  series  of  atrata  thus  arranged, 
•  Baa  Da  U  Becha'i  Geolodcal  ft- 


394  GEOLOGY. 

eich  itratam  baviDg  the  ihapA  of  >  ahsllow  inTerted  oone  or  dome,  6t 
«dgei  of  wbieh  may  he  traced  sU  round  Ibe  monntun.  In  the  hill  if 
St.  Gilea,  near  Lie^,  this  coaformation  of  the  strata  may  be  noliced . 
■iity-one  beds  of  coal,  alternatinE  with  locky  strata,  form  a  mmmtm 
SteOO  feet  in  beight.  In  Soath  Wales  and  other  parta  of  thia  islmd, 
the  coal  strata  are  snanged  in  a  similar  manner. 

When  rooks  belongii^  to  different  formationa  occur  together,  (m' 
reating  on  the  other,  chat  which  is  placed  underneath  ia  termed  i* 
Jiadameniai  rock,  and  that  abore  it  the  mjmvxctimbint.  Tha  lis! 
where  two  rocks  or  fonnations  come  in  contact  ia  named  eithn  ^ 
lins  of  jyoKtim,  being;  viewed  nith  reference  to  tbe  poaition  of  it 
rocki,  or  the  line  ef  nsparollon,  aa  marking  the  distinctiDn  of  thar  ^t- 
oiea.  When  the  Btrsla  of  a  superimposed  fonnatioa  are  panllel'ilt 
those  OB  which  thej  rest,  tiie  stratification  ia  said  to  be  c     ' 


M  in  tb«  fignre,  p.  391,  where  the  stiaU  are  all  horiaontsl.     IbcUib 

■trata  m»  also  be  contr ■"'"  *'"" '' -jt  ^..  ..- 

tsoding  Inroucfb  all  of  tb 


e  contbrmable,  the  same  degree  of  inclinBtko  o 


.   11  tbecoiitt«ry.tfae«nperimp<isedsteataareboTuontal,wbikiit 
•nbJBoant  itcata  are  more  or  lew  inclined,  thejr  are  relattTOlj  te<v< 


This  mode  of  superposition  is  shown  in  the  above  diagram,  n?" 
nting  a  sectioa  of  a  part  of  a  mountain  compoaed  of  priiciV 
iconUry,  tertieiy,  and  alluvial  stratifications.  The  borixcDtsl  E* 
,  B,  C,  D,  of  ssnd,  clay,  shell  limestone,  and  Bandatone,  eosf" 
'-  -aong  themselves,  are  aeeu  reposing  unconfonnably  ■  ' 
ncbned  strata  of  slate  and  gneisa,  £.  F,  which  real  to'*' 
granite.  Tbe  strata  around  Paris,  oonsiatiDg  of  Bltaniiie^ 


Si"S 
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water  and  marine  formations,  are  tbiie  sapermipoied  nnoaofonnably 
upon  chalky  which  forms  a  great  basin,  containing  these  Tarions  de- 
posits, which  also  corer  its  edges  in  the  less  eloTated  parts,  while  in 
some  places  the  chalk  appears  rising  through  the  upper  strata. 

When  series  of  strata  are  nearly  horizontal,  and  extend  through  a 
considereble  tract  of  country,  intersected  by  deep  valleys,  the  same 
strata  will  make  their  appearance  at  nearly  tne  same  level,  in  distant 
mountains.    It  is  said,  that  in  the  vicinity  of  Pittsburgh,  in  Pennsyl- 
vania, a  thick  stntum  of  coal  may  be  traced  through  many  hills  at  tne 
same  elevation  above  the  intermediate  valleys.    The  coal  may  be 
worked  by  driving  levels  from  the  sides  of  ue  hiUs,  forming  open 
galleries,  and  thus  obtained  with  little  difficul^.    Owing  to  the  hori- 
zontal position  of  the  coal,  it  forms  the  bed  of  a  river,  lor  several 
miles. 

When  curved  strata  of  equal  thickness  at  the  top  and  sides  lie  un- 
confonnably  on  other  strata,  the  former  are  said  to  be  taddU-$haped ; 
and  when  such  overlying  sttata  gradually  become  thinner  from  the 
base  to  the  summit,  thus  wrapping  round  the  sides  of  the  subjacent 
or  fundamental  rock,  they  are  termed  mantle-shaped  ttrata.  Strata 
filling  up  a  spheroidal  cavity,  are  denominated  batin'thaped  ;  and,  if  the 
cavity  be  oblong,  the  superimpoaed  strata  are  stjpled  trough^haped. 

The  upper  part  of  a  stratum  or  bed,  which  rising  from  under  others 
makes  its  appearance  at  the  surface,  and  where  it  consequently  ter- 
minataa,  is  designated  by  miners,  the  outerop,  or  baetet-edge  of  the 
stratum. 

Strata  are  said  to  form  evtlfert,  or  outlyi$»g  rocks,  when  they  oompose 
detached  heights,  once  evidently  continuous  with  eztensivtt  tracts  of  a 
similar  geok^icai  structure.  Isolated  hills  of  this  kind  are  found  on 
the  outskirts  of  mountain  ranges  or  elevated  plains,  separated  from 
:ham  by  valleys  of  excavation. 

Sometimes  the  continuity  of  a  whole  series  of  strata  is  interrupted, 
Jie  bods  having  been  apparency  broken  through,  and  shifted  or  heaved 
m  one  aide,  fron  their  oriffinai  position,  constituting  what  is  termed 
.  fault,  or  elide.  These  dislocstions  of  strata  are  phenomena  of  an 
ualogrons  nature  to  the  heaving  of  mineral  veins,  but  they  take  place 
D  a  more  extensive  scale.* 

•  For  an  acoouot  of  ttie  ttmeture,  arrangement,  and  composition  of  me- 
kUic  velna,  see  Treatise  on  MeimUmrgg  and  Mining,  pp.  1Q7— 170. 
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A  djflce  is  t  wall  of  rock  interrupting  the  continmty  of  strata,  ni 
filling  up  the  fissures  sometimes  caused  by  faults  or  breaks.  Theen^ 
of  the  strata  on  either  side  of  the  fissure  are  occasionally  tilted  orbetf. 
upwards,  as  if  the  dyke  had  been  formed  by  the  protrusion  of  mida 
from  below.  Dykes  vary  in  thickness,  from  a  few  inches  to  mtcj 
yards ;  and  those  which  intersect  coal-beds  are  composed  of  indan^i 
day,  or  more  frequently  of  basalt. 

The  dipf  or  inclination  of  strata,  that  is,  the  point  of  die  oompaBBt> 
wards  which  they  descend,  is  a  circumstance  deserving  attentioa.  1' 
has  been  observed,  that  the  dip  is  always  at  right  angles  to  the  nop 
or  direction  of  the  strata ;  and  that  if  the  dip  is  given,  the  directee 
may  be  inferred,  but  a  knowledge  of  the  direction  will  not  give  as  tk 
dip.  The  amount  of  the  dip  of  any  strata  is  to  be  estimated  by  t^ 
angle  which  they  form  with  the  horizon  -,  and  this  may  be  dete^sifi^ 
by  means  of  the  instrument  called  a  cliinometer,  which  is  a  comp 
with  an  attached  quadrant.  In  this  country  the  primitive  and  tru^ 
tion  locks  often  range  or  take  the  direction  of  north-east  and  sin^ 
west. 

An  anticlinal  axis  is  that  line  from  which  the  strata  composing;  > 
hill  dip  in  opposite  directions.   "  The  ridge  of  a  house-top  will  ooc^ 
an  idea  of  this  line,  and  the  slope  of  the  roof  represent  the  dip  of :' 
strata,"* 

Some  rocks,  especially  those  of  the  trap  kind,  as  por{^ynes  c' 
syenites,  are  said  to  be  tabular.  Dr.  MaccuUoch  terma  the  taUes z> 
which  these  rocks  may  be  divided  pseudo-strata.  t  "  The  tabi-^ 
structure  consists  of  parallel  plates  of  rock,  separated  by  retvi 
seams*  This  structure  has  been  often  confounded  with  stradficav- 
it  appears  to  be  the  result  of  crystallization,  and  is  closelj  allied  ib^ 
columnar  structure  "t 

The  only  remaining  description  of  rocks  that  can  be  consideiW  * 
symmetrical,  with  regard  to  their  external  structure,  are  those  «r:-' 
have  been  styled  columnar.  The  most  distinctly  marked  aiaos:  *^ 
columnar  rocks  is  basalt.  The  columns  they  exhibit  are  lba<*  ! 
the  aggregation  of  prisms  generally  of  a  pentagonal  figwe,  bat  ^1 

*  De  la  Beche's  6eolo|^.  Man.    Appendix. 

t  Geol.  ClaBsification  of  Rocks,  p.  90. 

t  Bakewell's  Introduction  to  Geology,  p.  67. 
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■ra  liibls  to  deaqnsnutian  ind  inparficial  dvMmpoutioD,  wben  theii 
angles  become  rounded,  *nd  their  fbnii»  Twioudy  modified.  Vast 
range,  of  basHltic  pillm  occur  in  countries  irbich  bare  been  the 
sceaea  of  Toloanic  ictim,  u  the  iiogulu  msuea  called  the  Giaot^ 
Cansewsj,  on  the  northern  coHl  of  Ireland  ;  and  Fingsl's  Care,  in  the 
lale  of  Staffs,  one  of  the  Soottish  Hebrides.  The  general  appeinnce 
of  eiteouTe  ranges  of  columnar  rocks  msj  be  ilinttrsted  by  the  fol- 
lowing diagram. 


Beds  of  stntiGed  rooks,  a,  a,  a,  at*  out  thtough  b^  •  basaltic  dyke 

o£  horiiontal  priimi,  interaeclinfl;  also  ranges  of  Tertical  colnniDS,  and 
tbree  larje  tranivene  dj'kei  of  amorphous  basalt,  b,  b,  above  tlw 
bJghest  of  which  are  detached  man«,  d  and  (,  of  columnar  basah. 
J'bis  figure  likewise  eihibits  the  interior  structure  of  prismatic  rocks, 
snd  the  manner  in  which  Che  columns  are  dirided  by  joiDts.  The 
;;o1uiiin«  may  not  only  bs  rettical  or  horisontal,  as  in  ths  foregoing 
;  gun,  bat  also  inclined  st  any  girea  sngle,  and  sonMtioias  the  pritint 
u«  more  or  lesa  cnrred,  (brming  by  iheu  comlmiatiaas  rook*  deatitota 
,f  symmstricsl  arrangement. 

Koeks  which  are  neither  stratified,  tsbnlar,  nor  columnar,  can 
^jarcely  be  said  to  hare  any  appropriate  form ;  and  we  hare  therefore 
C«led  tbam  smorpbons.  They  may  rsry  in  dimensions  aa  much  as  in 
^^te,  and  be  of  any  size,  STen  of  moontainoos  bulk.  Thus  rranile, 
-r««nMoi)e,aiid  tome  of  tile  tRf  rack*,  oonstilnte  Test  pillars,  blocks. 
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and  boiiU«rSi  of  every  fantagtic  ^&P<»«  Irregular  masseri  intbedded  b 
other  rocks,  are  styled  nodules.  They  are  sometimeB  ronnded,  ud 
not  unirequeatly  flattened ;  "  and  in  sach  eases,  they  pass  into  tk 
form  of  nan-persistent  and  extenuated  strata.  Nodules  are  oftea  »' 
bedded  in  stratified  rocks ;  but  they  are  also  found  in  granite,  u  '-^ 
the  case  witb  serpentine.  The  size  of  diese  aaasses  Tsriee  fcom  a  feol 
to  a  mile  or  mere.''* 

It  is  difficult  to  determine  how  far  stratification  extends  amim;  ^ 
primary  rocks ;  and  eren  granite  sometimes  exhibits  traces  of  wU 
Dr.  Macoulloch  calls  pseudo  strata,  f 


Classificatum  and  Arranggment  of  Rocks, 

A  cursory  riew  of  the  masses  forming  the  crust  of  the  earth  exlti^ 
so  much  confusion  and  indefinite  variety  of  composition  as  most  »>' 
pear  to  render  nugatory  all  attempts  at  classification ;  and  hence  itr> 
at  one  time  supposed,  that  the  seyeral  formations  were  destitute  of  ^ 
regulsrity  in  distribution  and  in  individual  characters.  The  first  r?^ 
distinction  that  seems  to  have  been  made  was  that  of  the  Gerwt 
miners,  who  arranged  strata  or  rocks  in  two  classes,  namely,  the* 
containing  metallic  veins,  and  those  which  were  non-metslliiR^' 
Lehman,  already  mentioned  (p.  295),  made  the  much  jaore  impoiv 
division  of  formations  into  primiHve  and  teeondary,  or  those  dtstir' 
of  organic  remains,  and  tiiose  including  sudi  fossUs.  The  orkb* 
Werner  modified  and  improved  this  division ;  adding  two  otkardi^ 
the  transiHon  and  the  local,  or  as  they  were  afterwards  called,  tim' 
rocks.  Subsequent  additions  have  been  proposed  of  aUwmal  or  si.** 
fi^cial  deposits ;  and  of  pyrogmous  strata,  including  liie  trap  hc  *" 
canic  rooks.  These  divisions  have  been  generally  adopted  brie^ 
writers  on  systematic  g>eology;  though  several  have  tfaongltst* 
subdivide  the  seeondaiy  and  tertiary  rocks  into  dzstittct  groip 
formations. 

•  Dr.  Macculloch»8  Geol.  Class,  of  Rocks,  p.  113. 

t  See  p.  SS7<    On  the  subject  of  stratification  in  general,  aee  Qnat^ 
Critical  Bxamination  of  the  First  PrinoipLes  of  Oeolonr,  isiql  XshtL^ 
Dr,  Boase's  Treatise  on  Primary  Geology. 
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In  assunuDg  successions  of  strata  to  a  greater  or  less  extent  supeiv 
imposed  around  the  terrestrial  globe,  we  must  be  careful  to  distin^ 
guish  what  has  been  inferred  from  limited  observation,  confirmed, 
however,  in  a  certain  measure  by  uncontradicted  experience,  from  the 
deductions  derived  from  appearances  of  an  unequivocal  description* 
That  granite,  or  rather  granitic  rocks  constitute,  as  elsewhere  stated, 
the  basis  or  skeleton  of  the  solid  crust  of  the  earth,  is  a  conclusion  • 
formed  from  general  observation  that  these  rocks  where  they  most  ex- 
tensively occur  seem  to  rise  from  under  other  rocks  which  are  known 
to  occupy  relatively  low  situations,  or  they  form  nearly  vertical 
masses  so  included  between  other  rocks  as  to  mdicate  that  the  granite 
passes  beneath  those  rocks.    Since,  however,  the  extent  of  surface  of 
g^ranitic  rocks,  naturally  or  artificially  exposed,  is  but  inconsiderable 
compared  with  that  of  the  earth's  surface,  the  notion  that  granite  com- 
poses the  inner  shell  or  lining  of  the  earth's  crust  is  at  best  but  a 
probable  conjecture.    Granite,  then,  can  only  be  supfposed  to  be  an 
universal  formation  ',  and  the  extent  of  many  of  those  above  it  must 
at  present  be  utterly  uncertain.    But  with  respect  to  some  of  the  supe- 
rior strata,  we  know  with  certainty  that  they  are  not  universal  forma- 
tions, and  that  some  cover  only  limited  areas.    Coal  appears  to  consist 
of  circumscribed  beds  formed  in  basins  or  concavities  of  older  strata; 
the  clays  of  the  London  basin,  and  the  various  deposits  of  the  Paris 
basin,  also  compose  circumscribed  beds.    Chalk,  if  it  deserves  the 
character  of  a  general  formation  (as  it  is  certainly  a  vexy  extensive 
one),  is  not  now  universal,  having  been  removed  apparently  from 
some  parts  of  the  surface  of  this  country,  as  the  Weald  of  Sussex,  by 
the  violent  action  of  water.    It  is  only  by  the  gradual  accumulation 
of  facts  that  the  boundaries  of  real  knowledge  can  be  extended.  From 
tbeir  situation  the  more  superficial  rocks  may  be  supposed  to  have 
been  the  most  thoroughly  investigated,  and  smce  it  has  been  ascer- 
tained  that  they  include  organic   remains  extremely  singular  and 
curious,  they  have  attracted  particular  attention :  as  the  progress  of 
research  proceeds,  however,  it  may  be  expected  that  the  primordial  or 
inferior  rocks  will  also  be  more  closely  examined,  and  that  thus  various 
disputed  points  with  regard  to  them  will  be  satisfactorily  decided. 

I'he  manner  in  which  the  several  formations  and  rocks  are  arranged 
00  as  to  form  mountain  masses  may  be  illnttrated  by  the  following 
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The  peroeDdictdir  mm  in  the  ceatre  a  u  gnaite,  wbieh  nij  I" 
supposed  to  extend  laterally  beoeatli  the  other  rocks ;  b,b,u  ctiy 
fllste  unmediatelj  enrelopuig  the  rramte  c  c,  a  traiuiliaD  Liao- 
■tone  d  d  greywaoke  siMe  «  e  old  red  suidBtoDe ;  f,f,  moutui 
limeatone  g  g  gjptam  h  k  ranegsted  sandstone;  i,  i,  secoBd  or 
newer  gypsum  jj  second  limestone  h  k  sllaTlal  duiosita.  Itiui 
be  mopei  lo  obserre  that  thu  aecdon  eihibita  only  the  BtrangeiiiM' 
and  snccessiTS  deeUiution  of  the  rocks  that  form  the  Brockeo,  ud 
not  their  respectire  forms  and  dimensions  and  that  in  other  incnK- 
taiDS  some  of  thasa  strata  may  be  replaced  by  other*,  or  be  eairdj 
wantiiig. 
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SYNOPTICAL   ARRANGEMKNT   OF   GROUPS,   FORMATIONS,   AND   ROCKS.* 

I.  Primordial  or  Non-fossiiyerom  Roeks, 

A.  Unstratified  Hocks.  \       n^^^-.^^n-n^  •    o    *i     j 

Grauite.  Syenite.  \  p  Grampian  HiUs,  m  Scotland ; 

Greenstoni  ^"""^  5  I>ofr">e  H,lu,  Nor- 

Serpentine.  "['^ '  p""^  Mountains.  Rus- 

Schorl  Rock.  &c.  "• ;  Eraegetarge.  in  S«omr ; 

B.  Stratified  Rocks.  >  R'"«°8«birge  ,n  Silesia ;  Py- 

Qjj  •  /  renean    Mountains ;     £astern 

Mica  Slate.  ^/P«'  ^™"?,St.  Gothard  to  the 

Clay  Slate.  I  Sl"° V-^  ""i^^J  t^f^^'V 

Quartz  Rock.  \  Mountains,  United  States,  rf. 

Hornblende  Slate.  &c.         /  ^'  >  ^'*^**'  ^-  ^• 


II.  Submedial  Rocks, 

I  (^Greywacke  Group  of  Lyell  and  De  la  Beche.     Transition  Rocks  of  other 

,  Geologists,) 

f  Sandstone  conglomerate,  slate,  &c.    Shropshire. 

t  Calcareous  flags,  sandstone,  and  schist.     Radnorshire. 

f  Shell  limestone,  and   micaceous  sandstone,  &c.      Ma7  Hill, 

^  Gloucestershire. 

f  Coralline  limestone,  and  argillaceous  shale.     Wenlock,  Shrop- 

^  shire;  Dudley,  Worcestershire. 

i 

t  *  This  synoptical  table  is  chiefly  founded  on  "Table  II.  Showing^  the  Order 

of  Superposition,  or  Chronologrical  Succession  of  the  princiiml  Sedimentary 
Deposits  or  Groups  of  Strata  in  Europe."— Appendix  to  LyeU's  Prin.  of  Geo- 
iogy,  vol.  ir.,  with  Additions  and  ModiflcatioDS,  derived  from  De  la  Beche's 
Geological  Manual ;  Bronrniart  Tabieau  ties  Terrain*  qui  composent  FEcorce 
du  Globe  ;  D'Aubuisson  Traiti  de  Geognosie,  snde  edit.,  continu^e  par  Am^- 
d^e  Burat.,  torn.  i.  1834;  Mauteirs  GeoUtgy  of  the  South-eaet  of  Ei^iand^ 
cliap.  U.  i  and  Outlines  of  the  Geology  of  England  and  fVaUs,  by  Conybeare 
and  PhUUps,  pt.  i.  Introdnctioo. 
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Submedial  Rocks  continued* 

Arg^iUaceouB  limestone,  and  sandy  shale.     Shropshire,  Here- 
fordsbire. 

"  The  grauwacke  group  occurs  in  Norway,  Sweden,  and  Rnasia. 
It  forms  a  portion  of  southern  Scotland,  whence  it  ranges  with 
breaks,  as  far  as  regards  the  surface,  formed  by  newer  deposits  of 
the  sea,  down  western  England  and  Wales,  into  Normandy  and 
Brittany.  It  appears  abundantly  in  Ireland.  A  large  mass  erf  it  is 
exposed  in  the  district  constituting  the  Ardennes,  the  Eifel,  and  the 
Taunus.  Another  mass  forms  a  large  portion  of  the  Hartz  moon- 
tains,  while  smaller  patches  emerge  in  other  parts  of  (lermany,  on 
the  north  of  Magdeburg  and  other  places."— De  la  Beche'a  CrtoL 
Man.t  p.  430.  The  terms  greytoacke  or  transition  are  applied  as 
epithets  to  distinguish  the  sandstones,  slates,  and  limestones  of  this 
group  from  those  which  occur  in  other  groups. 

III.  Medial  BochJ* 
Carboniferous  Group. 

a.  Old  red  sandstone.  Shropshire,  Herefordshire,  hnd  Breck- 
nocl^shire;  Dumfiriesshire,  Forfarshire. 

6.  Mountain  limestone.  Mendip  Hills,  Somersetshire ;  Derby- 
shire, Yorkshire,  Nprthumberland,  Durham. 

e.  Coal  measures,  including  sandstones,  conglomerates,  clay  with 
ironstone,  shales,  and  limestones.  Northumberland,  Darham, 
Yorkshire,  Lancashire,  Staffordshire,  South  Wales ;  District  of 
Liege,  Westphalia,  Silesia,  Bohemia ;  United  States,  N.  A. ; 
Valley  of  the  Mississippi ;  New  South  Wales ;  Van  Diemea's 
Land. 

ly.  Supermedial  Rocks.i 


1.  Penean,  or  Red  Sandstone. 
3.  Keupric,  or  Foecilian. 

3.  Liasic. 

4.  Oolitic,  or  Freestone. 

5.  Wealden. 

6.  Cretaceous. 


i 


*  See  the  following  note. 

t  The  rocks  belonging  to  this  and  the  preceding  order  (the  Medial  and  S«* 
Fermedial  Rocks,  or  those  from  the  Old  Red  Sandstone  to  the  Chalk  indv 
■ive)  constitute  the  Secondary  Formations  of  the  Wemerians.  ' 


OOLITIC   GROUP.  '    403 

Penoan  Groap. 

a.  New  red  sandstone  \Bathliege7ideSt  Germ.]  [Grh  Rouge,  Fr.] 
Near  Exeter,  Devon ;  Valleys  of  the  Vosges,  in  France ;  Thu- 
ringia,  Saxony,  Silesia ;  New  Spain,  N.  A. ;  Venezuela,  New 
Grenada,  Pern,  S.  A. 

b,  Magnesian  limestone  [Zechstein,  Germ.]  Northamberland, 
Durham,  Yorkshire,  Nottinghamshire,  Derbyshire;  Dep.  of 
Calvados, in  France;  Westphalia. 

Keupric  Group. 

a.  Variegated  sandstone  [Bunter  Sandttein,  Germ.]  [Gres  Bigarr£, 
Fr.]  Yorkshire,  Nottinghamshire ;  Vosges  Mountains,  Ce- 
vennes,  mountains  of  Aveyron,  France;  Swabia,  north  and 
west  of  the  mountains  of  the  Black  Forest,  Germany. 

6.  Shell  limestone  [Muschelkalk,  Germ.]  Around  the  Vosges, 
France;  Hartz  (Blankenbourg),  Hesse,  Hanover,'Wirtemberg, 
Germany. 

€•  "Red  or  variegated  marls  [^Keuper,  Germ.]  [Mam«s  Iris^e$,  Fr.]  , 
Various  parts  of  the  north  of  France  and  Germany. 

Liasic  Group. 

a.  Alum  slate  [^AmpelitB  Alumineiu:,  Fr.]     Whitby,  Yorkshire. 

b.  Dark  blue  marl,  with  beds  of  rubbly  limestone — sandy  marl- 
stone.  Metz,  in  France ;  mountains  of  Jura,  Tyrol,  Bavaria, 
Wirtemberg,  Westphalia. 

€,  Blue,  white,  and  yellow  earthy  limestone,  interstratified  with 
clay,  often  slat^  and  bituminous  [^Quadertandstein,  Germ.] 
Lyme,  Dorsetshire,  Somersetshire ;  Sutherland,  Hebrides,  N. 
B. ;  North  of  Ireland;  Luxembourg;  Aalen,  Valley  of  the 
Neckar ;  Col  de  Balme,  Alps. 

Oolitic  Group. 

a.  Inferior  oolite.  Wilts,  Cots  wold  Hills,  Gloucestershire;  Dun- 
dry  Hill,  near  Bristol ;  Coal-field  of  Brora,  Sutherlandshire, 
N.  B. ;  Normandy ;  central  part  of  mountains  of  Junu 

3d2 
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Oolitic  Groap  eontmued. 

6.  Great  oolite,  Bath  atone,  Caen  atone.  Kettariag,  Nortbamp- 
tonahire ;  Biirford«  Ozfordahire ',  Manriac,  ATeyroa,  ia  France ; 
Central  Jura. 

e,  Bradford  clay  [Mame  argillelue  Jurauique,  Fr.l  Bradford, 
WilU. 

d,  Foreat  marble.  Whichwood  Forest,  Oxibrdahire ;  Frome,  So- 
meraet ;  Eichatadt,  Franconia;  Solenhofen,  Germany-. 

e.  Combrash.    Malmesbury,  Chippenham,  Wraxall,  Wilta. 

Bradford  Clay  and  Combrash  ought,  perhaps,  to  be  regarded  as 
local  formations,  and  to  be  included  under  that  of  Forest  MarUe  or 
Lithographic  Slate ;  mth  which,  whore  they  occur,  they  are  asso- 
ciated. Burst,  indeed,  reckons  Bradford  Clay,  Forest  Marble,  and 
Combrash,  as  distinct  but  consecutive  members  of  the  Oolitic 
Formation ;  and  Lydl  distinguidies  the  Combrash  from  tbe  Forest 
Marble. 

/.  Oxford  Clay — dark,  bine,  tenacious  clay ;  bitnminona  diak ; 
aandy  limestone  (Kelloway  Rock).  New  Malton,  Yorkshire, 
Lincolnshire,  Cambridgeshire,  Somersetshire,  Doraetahire ; 
abundant  near  Oxford ;  Dives,  Mamws,  and  Marquise*  as  the 
Boulonois,  in  France. 

g.  Coral  Rag  [Calcaire  Corallique,  Fr.] — calcareous,  shelly,  oolitic 
freestone ;  coarse  limestone,  full  of  corals  ;  yellow  sand ;  silicec^ 
calcareous  grits.  Headington,  near  Oxford ;  Faringdon,  Berka; 
Wiltshire,  Somersetshire  ;  Normandy,  South  of  Genneny. 

^.  Kimmeridge  Clay  [Afant«  argt2{euj«  Havrienne,  Fr.].  Near  Kim- 
meridge,  on  the  coast  of  Dorsetshire;  Wiltshire,  Sonxeraet* 
shire;  Cape  la  Here,  Havre,  and  Honileur,  Normandy. 

t.  Portland  Stone-^coarse,  shelly  limestone,  fine-grained  white 
limestone,  compact  limestone — all  oolitic ;  beds  of  ohert.  lale 
of  Portland ;  Tisbury,  Wilts  ;  Aylesbury,  Bucks ;  Grisnea,  in 
the  Boulonois,  and  Dep.  of  Upper  Saone,  France. 

Wealden  Group. 

a.  Purbeck  Stone — various  kinds  of  limestones,  alternating  with 
marls.     Isle  of  Purbeck,  Dorsetshire. 

b,  Ashbumham  Stone — bluish-grey  limestone,  altematini^  with 
blue  clay,  and  sandstone  shale.  ArChers'  Wood,  near  Battel ; 
and  Ashbumham,  Sussex. 
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Wedden  Group  continued. 

e,  H«atiaga  Sands  aod  Clmys — ^l«wn-ool<rared  md  white  sand,  and 
friable  aandstoae,  with  clays  and  oalcareons  grits.  Sassex  (in- 
cluding the  strata  of  Tiigate  Forest),  western  parts  of  Kent, 
Isle  of  Wight. 

d.  Weald  Clay— «lat}r  day,  and  limestone,  with  beds  of  iron- 
stone, and  Sussex  marble.  Weald  of  Sussex,  Isle  of  Wight ; 
Bas  Bottlonois,  and  Beauvais,  France. 

Cretaceous  Group. 

a.  Shanldin  Sand,  Lower  Green  Sand  [^Glaucome  Sabletae,  Fr.] — 
green,  ^rej,  white,  and  ferruginous  sand,  with  clay,  chert,  and 
siliceous  limestone.  South  of  Kent,  western  part  of  Sussex ; 
Le  Blanc  (Indre),  R^thel  (Ardennes),  France. 
6.  Gault,  or  Folkstone  Mail--^lue  clay,  with  veins  of  red  ochre. 
Alice-holt  Forest,  Hants ;  near  Arundel,  Sussex ;  Folkstone, 
Kent ;  Cambridge. 

c.  Upper  Greensand,  or  Firestone  [^Glauconie  erayeuse,  Fr.] — 
marly  stone,  and  sand  with  green  particles ;  layers  of  calca- 
reous sandistone.  Southbourn,  Steyning,  Bignor,  Sussex ; 
Reigate,  Surrey ;  Valenciennes,  Havre,  France. 

d.  Chfdkt^without  Flints.     Lower  division  of  the  South  Downs. 
«.  Chalk,  with  Flints,  or  Upper  Chalk.     Upper  portion  of  the 

South  Downs. 

The  Chalk  Formations,  d  and  e,  are  very  extensive  in  France,  and 
other  parts  of  the  continent  of  Europe. 

/.  Maestricht  Limestone— soft,  yellowish -white  limestone,  with 
siliceous  masses,  resembling  chalk.  St.  Peter's  Mount,  Maes- 
tricht ;  Ciply,  near  Mons. 

V.  Superior  Roeki, 
(SupracretaeeouM,  Tertiary,  or  Newest  Floett  Rocht  of  dijferettt  Authors.) 

Lower  Formations. 

In  England  (London  Basin). 

A.  Plastic  Clay. 

6.  London  Clay. 

e.  Bagshot  Sand. 
In  France  (Paris  Basin). 

a.  Plastic  Clay. 

h,  Caleaire  Groiiisr. 
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Upper  Fonnations. 

A.  Calcareo-siliceouB  strata,  g3rpsuni,  and  marls,  sand  and  sand- 
stone,  millstone  grit,  and  marls.    Superior  strata  of  Paris  Basin. 

B.  JMarine  deposits  of  sand,  forming  the  Fahlnns  of  Touraine, 
and  of  the  Lower  Loire,  France. 

C.  Subapennine  marl,  snbapenuine  yellow  sand;  English  crag; 
and  other  deposits  containing  marine  fossils*  Perpignan,  Nioe ; 
Norfolk,  and  Suffolk. 

D.  Molasse  and  Nt^elfluhe — accumulations  of  roUed  pebbles  and 
sandS;  composed  of  Alpine  detritus.    Switzerland. 

£.  Limestone,  sands,  clays,  sandstones,  conglomerates,  marls, 
with  gypsum ;  containing  marine  fossils.    Sicily,  Ischia. 

VI.  Alluvial  Deposits, 

A.  Sand  and  Gravel — auriferous  sands,  cascalhao. 

B.  Detritus  of  various  kinds — calcareotis  sandstone,  with  broken 
shells ;  osseous  breccia. 

C.  Recent  Calcareous  Formations — coral  reefs  and  islands,  tufa, 
travertin. 

D.  Peat. 

VII.  Volcanic  Strata^ 
Ancient — 

Basalt,  trachyte,  greenstone,  &c. 
Recent — 

Lava,  ashes,  moya,  &c. 


ORYCTOLOGY. 

The  term  Oryctology*  has  been  employed  to  denote  the  Natural 
History  of  Minerals  and  Fossils,  with  especial  reference  to  the  situa- 
tions they  are  found  to  occupy  within  or  upon  the  crust  of  the  earth. 
Mineral  and  fossil  are  woriis  of  analogous  signification,  implying 
bodies  that  have  been  obtained  by  mining  or  excavation ;  but  the 
former  is  now  usually  appropriated  to  those  bodies  which  are  mere 

•  From  the  Greek  'Opwicr<5c,  fossil,  and*  Ao/oCi  a  discourse. 
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chemical  oompounds,  ezhibiliDg  no  traces  of  oigtniutioD ;  and  the 
latter  to  snch  aa  retain  in  any  degree  the  form  and  appearance  of  ant- 
ibbI  uid  vegetable  aubstanceB,  however  changed  oi  modified  ae  to 
tbeu  compoaitioQ.  These  bodies  might  be  generally  designated  iDMa- 
morphoBed  organic  remaiDs,  were  they  not  aomelimeB  preaented  to  UB 
by  nature  Bbsolutely  uaalcered,  as  in  the  very  remBrkable  instance  of 
thefbasil  elephant,  touQd  embalmed  in  ice,  in  Siberia,  in  tbe  beginning 
of  the  present  century. 

From  the  Btnicture  and  composition  of  animal  and  VMelable  sab. 
stances,  however,  it  neceBBarily  follows,  that  but  very  lew  compara- 
tively can  occur  in  such  a  state  of  complete  prsservatian.  Trees  are 
BometimeB  found  buried  in  bi^a  and  moases,  atanding  erect,  with  tbeir 
roota  aud  brancheB  very  little  altered.  The  more  dense  and  compact 
parla  of  organized  beings  are  moat  frequently  preserved,  while  the  aoFter 
aubstancea  wbicb  entered  into  their  composition  have  been  dealroyed 
or  removed.  Hence  whole  skeletons,  or  detached  bones,  and  shells, 
either  entire  or  broken,  are  amoDg  the  most  common  fossilized  oi^nic 
remains-  They  occur,  bowever,  under  variously  modified  ctoiditioris  ; 
some  havii^  undergone  little  change  of  aubstance,  as  those  masses  of 
ahelle  and  corals,  which,  being  conglutinated  by  carbonete  of  lime, 
form  block*  or  beds  of  variegated  marble. 
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The  preceding  figure  represeota  the  surlftee  of  s  Mi^  of  Kflkemiy 
Marhle,  inlaid  with  shells  and  ooralloids,  whidi  hare  a  vety  pleaeiog 
effect ;  and  maoy  of  which  are  so  perfect,  that  their  forms  may  be 
traced,  and  their  species  distinguished. 

The  Sussex  or  Petworth  Marble  is  vacuher  kind  of  shell  limestone, 
which  affords  beautifuUj-veined  sections,  and  has  been  used  for  <»iia- 
mental  purposes.  It  is  found  in  layers  varying  from  a  few  inches  to  a 
foot  or  more  in  thickness,  in  the  Weald  clay,  in  the  south-eastern  pait 
of  England.  **  This  limestone  is  of  various  shades  of  bluirii-grey, 
mottled  with  green  and  ochraceous  yellow,  and  is  ^somposed  of  the 
remains  of  fresh-water  univalves,  formed  by  a  calcareous  eement  into 
a  beautiful  compact  marble.  It  bears  a  high  polish,  and  is  elegaatl? 
marked  by  the  sections  of  the  shells  which  it  contains :  their  cod- 
stituent  substance  is  a  white  crystallized  carbonate  of  lime,  and  thor 
cavities  are  commonly  filled  with  the  same  substance,  presenting  • 
striking  contrast  to  the  dark  ground  of  the  marble.  In  other  varieties, 
the  substance  of  the  shells  is  black,  and  their  sections  appear  on  the 
surface  in  the  form  of  numerous  lines  and  spiral  figures.  Occasionany 
a  few  bivalves  {cyclas)  occur,  and  the  remains  of  the  minute  cmsta- 
ceous  coverings  of  the  cyprisfaba  very  constantly."  *  This  limestone 
is  durable  ;  **  yet  from  long  exposure  in  damp  situations,  it  undergoes 
decomposition,  and  the  petrified  testacea  may  then  be  extricated  almost 

entire.*' t 

The  mountain  limestone — called  by  Mr.  Bakewell,  **  upper  transi- 
tion limestone" — **  is  one  of  the  most  important  calcareous  rocks  in 
England  and  Wales,  both  from  its  extent,  the  thickness  and  number  of 
its  beds,  the  quantity  and  variety  of  its  organic  remains,  and  its  rich- 
ness in  metallic  ores,  particularly  of  lead.  In  Derbyshire,  where  the 
ditferent  beds  of  limestone  have  been  pierced  through  by  the  miners, 
the  average  thickness  of  the  three  uppermost  is  about  160  yards  :  the 
beds  are  separated  by  beds  of  trap  or  basalt,  resembling  ancient  lavas. 
1  he  lowest  limestone  has  not  been  pierced  through." 

"  The  prevailing  characteristic  organic  fossils  are  encrinites  aod 
madrepores.    The  upper  beds  of  mountain  limestone,  in  Derbyshire, 

*  Maiitell's  Geologry  of  the  South-east  of  England,  p.  184. 
t  Idem,  p.  186. 
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*ppetr  to  be  (IemM  antirely  ccnpowd  of  mcrinitea."  *  AltbeBritiah 
Mnaenm  (here  u  ■  table  coDsiating  of  ■  polisbed  slab  of  entrochil  or 
BDcrinilal  marble,  from  BakewsU,  id  Derbyahuv;  a  portion  of  which  is 
exhibiled  id  the  foUoniDg  figura. 


while;  but  the 


Thia  table  ia  of  h  tight  grey  ooloor.  *ariegfttad  w 
mouDtaiii  limeatone  haa  oceaiioQBllf  a  black,  and  m 
browD  gioand,  oi  ia  veined  or  cloudsd. 

A  bed  of  black  marble,  with  msdiaporeg,  ia  funnd  in  Weitmorlaiid, 
BDd  iD  the  lower  put  of  the  mounUio  limestooa  in  North  Walea  and 
Shropahire,  uld  likewise  in  Deronabire  ;  but  it  occora  mora  rarelj  ia 
Derbyabire.  The  black  tiot  of  thia  marble  is  owing  to  tba  praaaaoeof 
bitumeD  :  it  othamise  geoerally  is  composed  of  oenrlj  para  oarbooata 
of  lime,  except  lome  beds,  which  conaiit  partly  of  carbonate  of  mag- 

Sometimaa  the  organic  remaina  are  fuund  to  hsTe  undargooe  conai- 
dervMe  nodificatioD  aa  to  tbeii  composition,  wbila  their  forma  exist 
unaltered.  Thua  ragetable  bodies  are  changed  into  ochraceoua  earth 
or  tnC  like  tfae  umber  found  in  the  enrirons  of  Cologne.  Wood  im- 
pr^natad  with  ailei  ia  not  unfrequendy  met  with  in  Tariogs  parta  of 

iDtrodnctlaa  to  Ocolon',  p.  lai. 
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the  world ;  but  the  finest  i^ecimens  are  said  to  be  obtained  from  the 
vicinity  of  Scbemnitz  and  at  Telkobanja,  in  Hungary.     It  also  occurs 
in  this  country,  in  the  dilurian  detritus,  in  the  green  sand  of  the  cre- 
taceous group,  and  in  the  Portland  stone.     The  texture  of  wood  may 
be  traced  in  some  siliceous  minerals,  as  jasper,  agate,  calcedony,  opal, 
and  pitchstone,  betraying  their  ultimate  origin.    Argillaceous  earth 
may  cause  the  mineralization  of  wood ;  and  different  parts  of  yegetables 
are  often  imbedded  in  the  rocks  composed  of  this  earth.     Iron  in  the 
state  of  sulphuret,  or  in  that  of  carbonate,  may  pervade  the  substance  of 
vegetable  fossils.     "  Innumerable  seeds,  seed-vessels,  &cc.,  have  been 
found,  by  Mr.  Crow  and  others,  in  the  blue  clay  of  Sheppey,  in  tiie 
state  of  pyrites.    Most  of  these  belong  to  plants  unknown  to  our  bota- 
nists ;  the  existing  plants  to  which  the  others  seem  to  approximate  are 
some  of  those  of  the  warmer   climates."*     Wood  is    occasionally 
impregnated  with  pyritical  or  carbonated    copper,  the  latter  form- 
ing very  beautiful  fossils,  the  finest  specimens  of  which  (ccmsistiog 
of  charred  wood,  marked  with  the  most  vivid  blue  and  g^reen  tints, 
with  patches  of  the  carbonate  in  the  state  of  malachite)  are  obtained 
from  the  copper-mines  of  Siberia,  t   Volkmann  and  other  authors  bare 
mentioned  fossil  wood  impregnated  with  silver  ;  but  its  occurrence  is 
somewhat  questionable,  t     Specimens  of  wood  thoroughly  impreg- 
nated with  galena  (sulphuret  of  lead)  have  been  found  in  Derbyshire.^ 
As  might  be  expected  from  their  original  composition,  vegetaMe 
fossils  are  often  found  to  have  undergone  changes  which  have  reduced 
them  nearly  to  the  state  of  carbonaceous  or  bituminous  minerals. 
Schookius  relates,  that  masses  of  bitumen  are  frequently  found  amontr 
peat ;  and  sometimes  resembling,  in  size  and  figure,  walnuts,  eg^ 
and  pine-nuts.  ||     Wood  is  also  found  in  the  state  of  jet,  lignite,  and 
Bovey  coal.    This  lastmentioned  fossil,  which  occurs  in  several  suc- 
cessive strata  at  Bovey,  near  Chudleigb,  in  Devonshire,  extending  for 

*  Parkinson's  OutHnes  of  Oryctologry :  an  Introduction  to  the  Stody  o( 
Organic  Remains.    2d  edit.  1833.    p.  37. 

t  See  Parkinson's  Organic  Remains  of  a  Former  World.  Sd  edit.  1833. 
vol.  i.  pp.  388,  389. 

t  Idem,  p.  390. 

S  See  Maitip's  Outlines  of  an  Attempt  to  establish  a  Knowledge  of  Estia* 
neous  Fossils  on  Scientific  Principles,  p.  150. 

I  Parkinson's  Organic  Remains,  vol.  i.  p.  908. 
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The  preceding  figure  representa  a  fragment  of  Bovej  coal.    "  This 
Ttriety  ia  avidenlly  a  dicotyledouous  or  gjinnoapBrmona  phanero- 

!;aniic  plant,  for  it  presenta  all  the  eitemal  chanwlera  of  alsma  be- 
Dnging  to  that  ciasa."*  Here  the  tracei  of  the  woody  tianie  are  Tery 
diatiucl,  aod  the  itructure  but  little  allered.  This  foisit  is  onl^  (bund 
in  the  luperior  itrata ;  but  the  remaina  of  regetablea  aie  likewise 
■bundaat,  BB  might  be  anticipated,  in  the  cosl  foimatiDii,  when  boir- 
■  The  iBterqal  Structnte  of  FomU  Vefetablea  (Oand  In  the  CarboDUaroas 


In  thefoUowlDC  pagei.  Mr.  Witham  hucadtnbuted  much,  byhia  skl^^con^ 

■cructuie  of  (oulllinl  stenu  of  planli;  anil  by  an  hnpratednietboiiol  cut- 
ting and  poUiblng  tbou  bodlei,  ao  aa  to  adapt  them  (or  mlcroKoplcal  eiaiulnk- 
tloD,  hebM  been  eoabledto  elucldBlathclilntimBteornoliatlon.and  thnt  to 


id  ipadM  of  exlidng  tefctaUea :  a  drcumatance  Dbrlouily  of  the 
■ugnen  importiuice  with  n(aid  to  hodlea  of  which  the  more  characterUUc 
portlona,  ttie  (oUace  aod  orcana  of  (mdUcatloD,  ha*s  rery  rarely  eacaped 
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orer  thm  occur,  in  gfaneral,  more  ontirelT  metamorpliDsed.  The  in- 
nexed  Ggaie  it  ■  lepreieiitBtioa  of  a  Mrobilus  or  oooa  of  k  jtiaa  (pima 
anlifua),  prewTied  Bt  the  Britiah  Muaeam,  which  baa  been  com- 
pletely GBrboniied. 


The  trail (fannadoa  id  aemv  eases  ia  ho  complete,  thnt  though  th« 
fbims  Had  even  the  DcdODrB  may  be  preserved,  all  the  eleraenta  of  ta 
organiied  beiDg  have  beea  removed  by  the  mjBlerious  operatiani  of 
DaCnre.  Such  bodies  are  mere  cuts  of  the  originals,  and  it  not  nnfre- 
qnentlj  happens  that  bruiehe*  of  trees,  or  aome  other  parts  of  vegt- 
tablea,  or  those  of  animala.  having  been  inolosed  in  ttoay  matter,  the 
odgiasi  subatance  baa  disappesred,  but  on  dividing  the  lapidescenl 
table,  the  impresaioa  of  the  organixed  bodies  will  be  found  on  on* 
laver,  and  casts  id  relief  on  tbe  other.  Id  geoeral  ibe  inferior  anr&at 
of  leaves  ia  dispUyad  in  relief,  and  the  superior  is  indented.  Tbe 
mall  veina  and  hairs  that  mark  these  auHaces  are  occasioUBlly  pie- 
mtvmI  JD  pecfectiou,  apparently,  while  not  a  particle  of  animal  or  *«;•■ 
tabl*  matter  remaiui  in  the  atone,  the  whole  having  been  voUlJIiied. 
Tbe  foUowing  figure  eihibtta  a  mould  or  impreasion  of  ■  branch  of  a 
tree.with  leaves  resembliog  the  fir  or  jew,  on  shale,  or  limeatonn,  &oa 
tbe  British  Muaeam,  and  on  tbe  msi^in  uf  tbe  mass  are  traces  of 
some  other  vegetable,  probably  s  fern. 
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Anumg  tba  fbaailiied  reiaaiiiu  of  vegetable  fiilia^,  tbe  moat  Bbnnd- 
■nt,  eBpecUUy  in  the  ibBles  and  BrgillaceonB  ftchiMa  iboTa  the  coil, 
ue  those  which  balooged  to  diOerenl  kinds  of  ferns.  It  it,  hoTrever, 
Teiy  difficult  to  idantify  them  with  liiiag  upeoieB.  Dr.  Woodward 
ilMea,  that  oat  of  one  hundred  aod  tfairtj-eighl  apecimena  which  he 
anbmitted  to  the  examination  of  four  enineot  botanietB,  they  were  able 
to  point  out  only  eleTen  which  bore  a  decided  resemblaiice  to  tboae 
DOW  existing,  and  twetHy-threa  were  totally  unlike  any  Engliah 
pkot.*  Mr.  FarkinaoD  lud  aoms  fowiliied  ferns,  of  which  he  haa 
giren  fig:ares,  before  Sir  Jamea  E.  Smith,  who  obserred  that  "  thes* 
bsail  remaini  of  regetablea  are  a  aort  of  botanical  riddles ;  and  with 
respect  to  thoae  which  appear  to  be  ^ns,  the  di&ulty  of  determiniiig 
to  what  apeciea  the  aereral  representationB  may  ba  referred,  ii  aug- 
mented by  there  being  so  many  thioga  which  they  may  be,  and  ao  many 
ihinga  which  they  nasily  reaamble,  without  bein^  the  lame."  He 
■poke  doubtfully  of  almoat  all  of  tbem,  but  conjeetared  that  they 
were  all  foreigo,  and  productioni  of  a  warm  dimata.t  1'he  anneied 
figure  rejH^aenta  tbe  impreasion  of  a  branch  of  fern,  and  others  will 
b«  giren  in  a  BBbaequant  page. 


Mr.  Parkinaon  queationa  tbe  exiatenca  of  anlhaiitlm,  or  foasil 
flowers,  or  at  least  asserti  that  it  ii  merely  conjectural.  He  aaya, 
"  Tbe  taoder  aod  almoat  auoculeot  substance  of  the  petals,  stamina, 
and  piatilla,  will  fuisish  very  little  lespoo  for  auppoaiag  that  tbey 

■  Dr.  Woodward's  Natural  Hlitary  of  Enrllth  and  PoieLn  FoiaUi,  iTtg. 
vnl.  t.  >  CatalDfue  of  Enflluli  PdhUi,  part  ii.  p.  g. 
t  FtrUnsoD'a  Oifaic  Remaliu,  toL  1.  pp.  ail,  117. 
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iboold  isBiBt  ■  desUnctiTs  resolutioii,  safficientl]'  lon^;  to  >Uaw  them  to 

pua  through  thoae  chBmical  chtngei,  bj  which  aach  duntiou  would 

be   given  to   their  original    formg,   »a   would   HCnre   their   passing 

uuehuiged  in  their  figure  horn  the  vegetsble  to  the  minenl  kiD^om." 

The  tiuttnct  of  impreeaioiu  of  fiowen  in  the 

j^f""^"''^  fossil   state     appearti    from    Bpedmens    pre- 

f-  '  '  -         ',      serred  in    the   British    Museum ;    and    flotsl 

*i     forms  may   thus   be   exhibited,   so    that    their 

~J    reeemblsnce   to  those    of   recent    plants   mij 

^    someUmes  be  traced,  aa  in  the  marginal  figure, 

y    which  represents  a  mould  or  impression  of  a 

jV°  ii '  •».      !_, w   radiated  or  stellated  blossom,   appateDtlir   of 

x.T!k..  J  ^        —    r     ^  (yngenesious  plant,  like  the  marigold  or  china 


ItiSLertaiothat'  the  earlier  writers  oi 
mitted  resemblances,  when  the  conueiu 
and  the   archetype 
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in  the  same  national  repository  with  that  from  which  the  last  figure  was 
taken. 

In  the  case  of  shells,  corals,  or  other  bodies  included  in  limestone 
and  sandstone  rocks,  tlie  whole  organic  substance  may  be  dissolved 
and  carried  away,  leaving  a  cavity  in  the  rock  bearing  the  impression 
of  the  foreign  body,  and  in  this  cavity  is  a  mould  or  cast  of  the 
interior.  Thus  the  icrewstonest  as  they  are  called,  have  been  cast 
or  moulded  in  the  cavities  of  crinoidal  columns.  "  The  most  ex- 
treme case  of  mineralization  or  petrifaction  is  produced  by  a  process 
in  addition  to  that  just  described,  when  the  cavity  left  by  the  removal 
of  the  shell  or  coral  is  again  filled  up  by  crystals  of  calcareous  spar, 
deposited  by  water  filtrating  through  the  stone.  Sometimes  only  a 
few  crystals  connect  the  inner  mould  or  cast  to  the  exterior  impression, 
but  generally  the  whole  cavity  is  filled  by  the  spar,  which  thus  repre- 
sents truly  the  shape  of  the  original  body,  but  displays  no  trace 
whatever  of  its  internal  texture."* 

With  respect  to  the  changes  that  organized  bodies  undergo,  they 
must  be  influenced  considerably  by  the  nature  of  the  containing  rock. 
<<  In  the  green  sand  almost  all  the  shells  are  silicified ;  in  the  oolitic 
rocks  many  are  changed  to  calcareous  spar,  in  the  clays  very  slight 
changes  have  happened  to  any  of  the  organic  remains.  On  the  o^er 
hand,  the  original  nature  of  the  organic  substance  has  very  much  in* 
fluenced  its  mode  of  conservation.  Echinital  and  crinoidal  remains 
are  almost  invariably  converted  to  a  peculiar  kind  of  opaque  cal- 
careous spar,  in  whatever  strata  they  occur:  gryphaeae  and  astraeae 
retain  their  laminae,  inocerami  and  belemnites  their  fibres."  As  to  ver- 
tebrated  animals,  "  their  soft  portions  have  perished,  but  their  teeth, 
bones,  and  scales  remain,  either  connected  or  separated  in  conse- 
quence of  the  decay  of  the  ligaments,  cartilages,  &c.  The  hardening 
ingredient  of  bones  is  principally  {Phosphate  of  lime,  that  of  teeth  is  a 
mixture  of  phosphate  and  carbonate  of  liine.  It  is  generally  the  fact 
that  their  gelatinous  or  membranous  portion  has  been  diminished,  and 
their  earthy  admixture  increased,  by  the  subterranean  chemistry  to 
which  they  have  been  subjected,  and,  in  consequence,  their  specific 
gnviiy  is  much  augmented."  f 

«  EncyclopKd.  MetropoL— lyeattse  on  Qeoionr,  vol.  iv.  p.  S48. 
t  Idem. 
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GEOLOOICAL   ABBANOBMENT   OF   MINERALS   AVD   FOSSILS. 

There  are  two  modes  of  formation  to  which  the  origin  of  the  rocks 
composing  the  crast  of  the  earth  might  be  ascribed.  The  first  consists 
in  the  more  or  less  rapid  consolidation  of  masses  which  had  been  pre- 
viously in  a  dissolved  state ;  and  the  second  in  the  gradual  depositioo 
of  solid  matter  from  a  fluid  with  which  it  had  been  mechanically  or 
chemically  combined.  Vast  fields  of  ice,  and  beds  of  lava,  are  occ«« 
sionally  or  periodically  formed  at  present,  bj  the  more  sudden  process 
of  solidification ;  and  layers  of  silt  and  sand,  and  beds  of  travertiD 
limestone,  are  produced  by  the  slower  method  of  precipitatioiL.  The 
inferior  unstratified,  as  well  as  the  trap  rocks,  are  usually  considered 
as  being,  like  those  of  volcanic  origin,  the  results  of  igneous  fusion 
and  congelation.  But  all  the  stratified  rocks  are  regarded  as  aqueous 
deposits,  and  these,  which  are  by  far  the  most  numerous,  must  have 
owed  their  existence  to  the  protracted  operations  of  nature. 

The  stratified  rocks,  from  the  greywacke  series  to  the  tertiarj  and  al- 
luvial formations,  include  a  multitude  of  distinct  deposits,  most  of  whidi 
inclose  organic  remains  derived  from  successive  races  of  animals  sod 
vegetables,  comparatively  few  of  which,  except  in  the  upper  fonns- 
tions,  seem  to  nave  any  living  congeners,  but  on  the  contrary,  many 
oi  these  relics  present  us  with  the  forms  of  strange  beings  that  onoe 
peopled  the  earth,  and  which  have  ceased  to  exist  for  countless  agst 
past.  Rocks  arranged  in  strata  one  above  another  may,  b j  their  pecv* 
liarities  of  structure  and  contents,  afford  ^e  means  for  ascertainiog 
their  relative  age  or  rather  order  of  formation. 

**  Geognostic  epochs,**  says  Brongniart,  **  are  veiy  different  from 
chronological  epochs  :  the  latter  are  determined  by  the  successioa  of 
time,  but  not  so  the  former,  which  are  founded  on  the  grand  phe- 
nomena or  catastrophes  that  limit  a  geognostic  period.  By  this  tenn 
we  designate  the  whole  time  during  which  the  same  geognostic  pheno- 
mena have  taken  place  on  the  surface  of  the  earth.  These  penodi 
may  amount  to  numerous  ages,  or  to  only  a  few  years :  thus  the  ao$t9 
of  time  during  which  the  granite  displayed  itself  over  all  parts  of  the 
surface  of  the  globe,  accompanied  by  the  minerals  which  it  contaios. 
forms  a  remarkable  geognostic  period.    That  in  the  course  of  which 
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the  Trilobites  existed,  with  their  contemporary  organized  beings, 
whilst  the  argillaceous  schists,  and  the  carboniferous  and  bituminous 
limestones  were  deposited,  was  another  geognostic  period,  of  which 
the  average  duration  of  the  life  of  a  trilobite,  and  the  number  of  the 
generations,  if  it  were  possible  to  discover  them,  might  loosely  indi- 
cate the  duration.  We  have  another  remarkable  example  of  a  geog- 
nostic period  in  the  state  of  repose  which  seems  to  have  prevailed  in 
the  crust  of  the  earth,  since  the  existing  continents  haye  received  their 
forms  and  limits,  the  sea  assumed  its  level,  and  the  atmosphere  its 
temperature ;  since  the  animals  and  vegetables  that  inhabit  the  sea,  or 
live  on  the  surface  of  the  earth,  have  varied  but  little  from  what  they 
are  at  present ;  this  state  of  repose,  established  by  all  observations,  ell 
historical  traditions,  constitutes  the  last  geognostic  period,  the  com- 
mencement of  which  must  be  dated  at  least  four  thousand  yeara  ago, 
and  which  may  extend  for  a  long  series  of  ages  to  come. 

"  As  we  are  ignorant  whether  the  arrangement  of  the  different  groups 
is  similar  over  the  whole  globe,  it  is  impossible  to  determine  whether 
the  geognostic  periods  have  been  of  equal  extent,  and  also  contempo- 
raneous over  the  surface  of  the  earth.  For  instance,  whether  since 
the  Ammonites  and  the  Belemnites  have  ceased  to  live,  and  the  chalk 
to  appear  in  Europe,  in  order  to  be  succeeded  by  the  Cerites  and  the 
tertiary  deposits,  the  first  mentioned  cephalopodous  molluscs  have  not 
continued  to  exist,  and  the  chalk  to  be  deposited  in  India  and  in 
America."* 

From  the  preceding  observations,  it  must  be  concluded  that  though 
certain  European  groups  or  formations  may  be  characterized  by  the 
presence  of  particular  fossils,  the  same  formations  may  occur  in  other 
quarters  of  the  world  unaccompanied  by  such  fossils,  or  the  fossils 
may  be  found  in  rocks  differing  in  miueralogical  composition 
from  those  in  which  they  appear  in  Europe.  It  is,  however,  a 
point  of  importance  to  be  enabled  to  discriminate,  by  reference  to  their 
contents,  the  rocks  of  a  single  continent,  or  even  those  of  any  one 
country ;  and  thus  far,  at  least,  it  may  be  admitted  that  geognostic 
oryctoiogy  has  advanced. 

*  Tableaa  des  Terrains  qol  oomposent  I'Ecoroe  du  Globe,  Introd.  pp.  8, 0. 

t  E 
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Primordial  or  Inferior  Rocks. 

These  rocks  are  negatively  cbaractezized  by  the  absence  of  any 
organic  remains,  or  conglomerated  fragments  of  transported  matter: 
whence  it  may  be  inferred  that,  however  tliey  might  have  been  pro- 
duced, they  underwent  the  process  of  consolidatioD  in  a  short  space  of 
time ;  unlike  the  sedimentary  rocks,  which  were  formed  by  gradual 
and  successive  depositions.  It  is  also  supposed,  that  since  there  are 
no  relics  of  animals  or  vegetables  in  the  stratified  inferior  rocks,  their 
formation  must  have  preceded  the  existence  of  organised  beings  oo 
the  surface  of  the  earth.  The  inferior  rocks  (including  in  that  appd* 
lation  the  greywacke  formations,  from  which  some  of  the  lower  rocb 
can  scarcely  be  distinguished)  are  the  grand  repositories  of  minerii 
bodies.  Among  them  are  found  the  metals  and  metallic  ores,  tht 
gems,  and  other  rare  and  curious  mineral  compounds.  These,  indeed, 
occasionally  occur  in  the  ascending  strata ;  but  it  will  in  general  be 
evident  that  such  minerals  have  been  detached  from  their  origioil 
situations,  and  dispersed  by  some  convulsion  of  nature ;  as  is  the  case 
with  diamonds  which  are  found  enveloped  in  the  cascalhao,  a  com- 
paratively recent  deposit  in  Brasil ;  with  the  gold  dust  obtained  fruia 
fluviatile  sands,  and  the  stream-tin  of  Comwidl. 

Some  metals,  as  tin,  tungsten,  and  molybdena,  are  almost  ezcluaiveh- 
the  produce  of  the  primordial  ropks,  or  are  immediately  derived  from 
them ;  and  gold,  silver,  lead,  copper,  iron,  cobalt,  sine,  manganese, 
arsenic,  and  mercury,  are  abundantly  disseminated  through  rocks  of 
this  class,  in  veins,  beds,  strings,  or  detached  nodules;  and  manj 
primitive  districts  are  characterized  by  the  metalliferous  deposits  tbef 
contain.  "  Nothing  can  be  more  beautiful  than  the  drtisif  cavities  met 
with  in  primitive  mountains,  whose  walls  are  lined  widi  pure  tod 
variously  tinted  and  crystaUized  topaz,  beryl,  rock  crystal,  fluw  spv, 
and  calcareous  spar ;  tiie  gneiss,  granite,  and  mica  slate,  with  tbeir 
imbedded  crystals  and  grains  of  sapphire,  chrysolite,  and  garnet ;  and 
the  veins  in  granite,  clayslate,  and  other  pnmitive  rocks,  with  their 
emeralds,  azinites,  and  spinel  rubies,  afford  to  the  mineralogist  higUj 
interesting  combinations."* 

*  Encydopsedia  of  Geogrraphr,  pt.  ii.  book  ii.  p.  SSO. 
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Observations  on  the  deposition  of  silica  from  the  water  of  hot 
springs,  together  with  the  supposed  impossibility  of  forming  some 
mineral  compounds  bj  fire,  induced  the  geologists  of  the  school  of 
Werner  to  ascribe  the  production  of  granitic  rocks  to  water.  But  the 
discoveries  of  Sir  James  Hall  and  Mr.  Gregory  Watt,  relative  to  the 
effect  of  gradual  cooling  on  carbonate  of  lime  and  other  bodies  fused 
by  heat,  causing  them  to  assume  a  crystalline  structure,  invalidated 
the  arguments  derived  irom  the  second  consideration ;  and  subsequent 
researches  afford  abundant  evidence  of  the  igneous  origin  of  granitic 
rocks  and  their  included  minerals.  Mitscherlich  found  that  the  slags 
from  iron  smelting-fumaces  are  often  crystallized,  have  the  form  of 
aogite,  and  agree  with  it  in  chemical  composition.  He,  also,  bj  ex- 
posing to  intense  heat  the  substances  of  which  certain  minerals  con- 
sist obtained  crystals  of  those  minerals :  thus  producing  artificially, 
amphibole,  mica,  and  hyacinth.  Berthier,  likewise,  formed  silicates  of 
manganese,  as  well  as  of  iron,  in  his  furnaces,  and  obtained  them 
regularly  crystallized.*  Admitting,  then,  that  granitic  rocks  and  those 
with  which  they  are  more  directly  associated  were  formed  by  consoli- 
dation, after  having  been  fused  by  heat,  it  must  be  manifest  that  if 
shells  or  other  parts  of  living  beings  had  entered  into  their  composi- 
tion, no  traces  of  them  would  have  remained,  since  as  to  structure,  at 
least,  they  must  have  undergone  utter  destruction.  The  primordial 
rocks,  therefore,  may  be  regarded  as  being  distinguished  by  the  ab- 
sence of  organic  remains,  and  being  the  chief  repositories  of  minerals. 


SvJbmedml  Rocks, 

With  respect  to  these  rocks  and  the  higher  strata,  our  space  will 
admit  of  only  a  few  noiices  of  the  characteristic  fossils  of  the  several 
rocks  or  formations,  with  descriptions  of  some  of  the  more  curious  and 
important. 

rhe  submedial  or  transition  rocks  are  not  unfrequently  so  inter- 
mixed with  the  stratified  primordial  rocks,  that  it  is  difficult  to  dis- 

*  See  Johnston  on  Chemtstry,  in  Rep.  of  Brit.  Assoc.  I83f .  p.  480 1  Cavier 
DiflcouTB  tor  les  Progrte  recent  de  la  Chimie,  prononc^  en  Mai,  1830,  dans 
uoe  Seance  des  Qoatre  Academies ;  and  Annales  des  Mines. 

^  u  ^ 
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cover  the  distinction  between  them.*  Viewed  on  the  lai^  scale,  they 
consist  of  "a  stratified  mass  of  arenaceous  and  slat^  rocks,  inteiw 
mingled  with  patches  of  limestone,  which  are  often  continuous  for  con- 
siderable distances.  The  arenaceous  and  slate  beds,  considered  gene, 
rally,  bear,  evident  marks  of  mechanical  origin,  but  that  of  the  included 
limestones  may  be  more  questionable."  t 

It  is  in  the  calcareous  rocks  of  this  class  chiefly  that  organic  remains 
are  found ;  for  the  greywacke  sandstones  appear.to  contain  none,  and  the 
transition  slates  relatively  few.  The  vegetable  fossils  found  in  these 
rocks  are  seldom  in  such  a  state  as  to  afford  traces  of  tiieir  analogies 
with  those  of  living  plants.  So  far  as  can  be  determined  from  those 
which  have  been  made  out,  it  appears  that  the  same  kind  of  vegeta- 
tion probably  prevailed  during  the  period  in  which  these  formations 
took  place,  as  during  the  depositions  of  the  carboniferous  rocks. 

As  to  the  animal  fossils,  they  are  generally  derived  from  the  lower 
orders  pf  beings,  consisting  principally  of  zoophytes,  radiated  animals, 
conchifers,  molluscs,  and  crustaceous  animals*  A  few  ichthyolites 
have  been  found,  indicating  the  existence  of  at  least  one  genus,  and 
two  or  three  species  of  fishes.  These  rocks  contain  a  mixture  of  ^«n«Tti 
of  animals  inhabiting  the  seas  and  oceans  of  the  present  day,  and  of 
others  which  are  now  not  known;  but  the  species  are  all  become 
extinct. 


*  This  difficulty  is  fully  admitted  by  one  of  the  latest  writers  on  systemat^ 
greogniiosy.  "  Some  of  the  rocks  constituting  the  primitive  group  are  continued* 
and  still  more  developed  in  the  transition  group ;  as  the  argillaceous  schists 
and  calcareous  rocks ;  and  others,  as  the  quartz  and  the  greywacke,  are  inti- 
mately connected  with  the  primitive  quartz  and  schists ;  so  that  it  mi^bt  be 
supposed,  that  from  the  lowest  granites  to  the  upper  transition  rocks  therr 
was  only  one  grand  period." — TraiU  de  Geognosie;  mU  en  Rapport  arte 
fintrod.,  pub.  en  1828,  parM.  D*Aubuisson  de  Foisins.  Par  Anted^e  JSmrmt. 
1834.  torn.  i.  p.  209.  Hence  M.  Borat  proposes  a  division  of  the  transitifan 
rocks  into  two  parts  or  classes.  Mr.  De  la  Beche  remarks,  that  **  to'wanis  die 
lower  part  of  the  grauwacke  group  its  fossiliferous  character  disappears,  and 
the  presence  of  crystalline  rocks,  apparently  of  contemporaneous  origin,  be- 
comes more  conmion.  This  change  varies  much  in  different  countries ;  bat 
in  general  the  slaty  rocks  g^radually  prevail,  presenting  a  very  great  thidmess 
of  argillaceous  schists.  We  seem  to  have  arrived,  in  tiie  descending  order,  it 
a  state  of  the  world  when  there  was  a  combination  of  those  causes  whicb 
have  produced  fossiliferous  and  non-fossiliferous  rocks."— C»*.  Mam.,  p.  «SS. 

t  De  la  Beche's  Geol.  Man.,  p.  414. 
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AmoDg  tbe  more  remarkable  uiimBl  foBsils 
are  (he  trilobiUs  (see  mai^iaal  £^re),long 
known  under  the  appellation  of  "  Dudlej 
Foasila,"  fiom  their  frequent  occurrence  in 
the  Dudley  limestooe.  They  are  found  so 
abundantly  in  the  mouDtain  limeetone.  in  dif- 
ferent parts  of  England,  as  to  be  chsracterislic 
of  that  formation.  Specimens  bare  also  been 
dtscoTered  id  Germany,  Sweden,  and  North 
America.  Another  kind  of  lTi!obile{J*npAai 
Dtbuchii)  is  ao  abundant  in  some  parte  of 
Wales,  that  the  laminte  of  slates  are  charged 
nith  Ihem,  and  millions  probably  lived  and 
lied  not  &r  from  the  places  whers  ne  now 
k  Tanety  of  conjectures  hare  been  bazaj'ded 
tmct  auimala*  which  appear  to  hare  been 

The  crinoid    ani- 
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lock,  of  vMch  1  teproBeutatioD  haa  been  ^ven  in  a  pncediDg;  page(409). 
In  Loirer  Snxony  and  Westphalia,  nlso,  this  Etoae  is  so  abundunt  >>  to 
be  used  for  building ;  and  IH  composed  like  the  Derbyshire  marblfl 
chieflj'  of  eotrocfaBl  columna  or  sterna  uf  tbe  sncrinile ;  but  Hpecimeus 
of  the  body  are  lerj  rare.  Thaae  animiilB  were  composed  of  a  multi- 
tude of  Bmsll  bones,  forming  a  Tsrtebral  column,  probably  attscbed  at 
Its  bus  a  to  the  surfaces  of  rocks,  aod  surmounted  by  a  cup,  from  the 
edge  of  which  proceeded  digitated  pi  "'  '     ■■    ' 


lof  K 


ntha, 


I,  ahofi 


tclua 


Jhe  whole  skeletoo  □ 


TOf  t. 


cula  by  whicb  they  w( 

been  lOTOlved  m  a  thin  fieshy  coveting. 

Among  the  corals  are  found  some  geaera  of 

which  there  are  existing  speciua.     The  annexed 

Epite  represents  a  madreporite,  from  Steeple 

AsbtoD    in   Wiltshire.    "  It  eppectn   to   bare 

been  imbedded  in  a  hard,  close-grained  lime. 

-  ne  of  a  pale  jellowiah  colour,  part  of  which, 

ita  uiQg  fragmeota  of  shells  and  other  maruie 

naiQs,  Btitl  adheres  to  Ibe  msdraporite.     Tht 

d  eporite  itself  is  formed  of  a  ipathose  aub- 

ce  altongiy  impregnated  with  Iron  ;  as  is  the 

le  with   all   the  fosail  madieporea  found   at 

Notwithstanding  there  is  a  retatiToly  Email 
-  the  BDbmediil 


jpotlioQ  of  oi^oic  remaina  ii 


whom  the  Tegetables  serrei 
muttitudes  msT  have  utterly  pi 
i,;t.a      .( iLi :  ii_.i .-^  "^ 


deposited  when  the  atmoapliare  was  adapted  to 

the  Tegetation  of  plants,  and  when  the    sea  wu 

capable   of  affording   habitation   and    food    for 

Tar  ouB  kiods  of  animals;  and   though    no  M- 

estrial    Bnimals   have    be«n    \<n- 

least  probable  that  auch   existed. 

od.     Of  the  marine  snimala,  rat 

I,  without  leering  any  Iraoea  be- 

iBve  existed  in  myriads,  withoot 

tD  us.     In  proof  of  this,  if  anv 


Organic  Hemaini,  vol.  11.  p 
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were  requisite,  we  may  inquire  what  portion  of  those  myriads  of 
fleshy  animals  which  now  swarm  in  some  seas  (as  the  Medusae),  could 
be  transmitted  as  organic  remains  to  future  ages."* 


Medial  Rocks. 

The  formations  of  this  class,  constituting  the  "  Medial  Order  "  of 
Conybeare,  are  included  among  the  Floetz  or  Flat  Rocks  of  Werner, 
and  by  other  geologists  have  been  regarded  as  forming  the  lowest 
group  of  secondary  rocks.  They  comprehend  all  the  principal  deposits 
of  coal,  or  great  coal-fields,  at  least  in  this  country ;  and  hence  the 
term  carboniferous  has  been  generally  applied  to  them.  The  lowest  of 
these  rocks,  termed  the  Old  Red  Sandstone,  contains  but  few  organic 
remains  ;  and  so  far  as  they  have  been  observed,  they  appear  to  be  of 
a  similar  character  with  those  in  the  strata  immediately  below  or  next 
above  this  sandstone. 

The  Mountain  Limestone,  also  termed  Carboniferous  Limestone, 
presents  considerable  analogies  with  the  transition  limestone,  relics  of 
corals  and  radiated  animals  being  inclosed  in  it,  especially  those  of 
the  encrinites.  It  is  usually  of  a  grey  colour,  and  granular,  but  some- 
times of  a  foliated  texture,  particularly  where  it  comes  in  contact  with 
trap  rocks.  Some  varieties  are  impregnated  with  bituminous  or  car- 
bonaceous matter,  and  are  of  a  black  colour,  as  the  marble  called 
Lucullite.  Lead  ore,  and  occasionally  the  ores  of  zinc  and  copper, 
occur  in  this  rock,  which  has  therefore  been  called  metalliferous  lime- 
stone. It  seems  to  be  the  most  recent  formation  in  which  metals  are 
found  in  veins,  which  seldom  rise  into  the  coal  strata ;  and  when  they 
do  they  soon  terminate,  as  in  Durham  and  Northumberland,  where 
strings  of  galena  extend  from  the  carboniferous  limestone  into  the 
lower  part  of  the  coal  formation. 

The  coal-measures,  as  they  are  technically  termed,  including  the 
associated  beds  of  shale,  clay,  and  ironstone,  compose  the  highest 
formation  of  medial  rocks ;  though  they  are  not  exclusively  confined 

*  De  la  BecWs  OmL  Man.,  p.  430. 
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to  this  series.*  This  valuable  mineral  is  generally  deposited  in  basin 
or  trough-shaped  hollows,  of  various  extent,  from  one  to  many  miles ; 
and  it  sometimes  covers  lai^e  areas,  which  may  at  a  distant  period 
have  been  deltas  over  which  great  rivers  dispersed  immense  piles  of 
vegetable  matter,  such  as  are  now  collecting  at  the  mouth  of  the  Mis- 
sissippi. The  manner  in  which  coal  and  the  alternating  strata  are 
usually  disposed  has  been  described  already,  and  illustrated  by  a  sec- 
tion of  the  coal'basin  in  the  hill  of  St.  Giles,  near  Liege,  t  In  the 
great  coal-field  of  South  Wales  the  strata  are  arranged  in  a  vast 
trough,  over  a  tract  nearly  100  miles  in  length,  and  from  5  to  20  in 
breadth.  It  contains  twenty-three  beds  of  workable  coal,  the  thickest 
nine  feet  deep ;  and  in  some  parts  there  are  sixteen  seams  or  layers  of 
ironstone.  X 

Dr.  Hutton  ascribed  the  formation  of  coal  to  accumulations  of  car- 
bonaceous matter,  from  various  sources,  at  the  bottom  of  the  sea  ;  but 
geol<^ists  at  present  seem  to  be  generally  disposed  to  regard  this 
mineral  as  a  deposit  from  freshwater,  consisting  principally  of  vege- 
tables, which  became  submerged  in  lakes,  sometimes  occupying  the 
spot  on  which  they  had  g^own,  and  into  which  descending  torrents 
washed  the  clays  and  sands  forming  the  beds  interposed  between  the 
several  strata  of  coal.  These  depositories,  however,  must  have  been 
occasionally  overflowed  by  the  sea ;  for  in  some  instances,  beds  of 
marine  shells  are  found  between  those  of  coal. 

That  the  coal  strata  have  been  partly  formed  by  plants  growing  on 
the  spot  appears  from  the  repeated  examples  which  have  been  ad- 
duced of  stems  of  trees  found  in  coal-mines,  in  a  vertical  position  with 
their  roots  imbedded  in  the  strata  below.  Mr.  Witham  mentions  the 
occurrence  of  such  stems  in  the  Derwent  mine,  near  Blanchford, 
Durham ;  and  of  numbers  of  fossil  vegetables,  chiefly  sigillaritt^  erect, 
with  their  roots  imbedded  in  a  small  seam  of  coal  under  the  sand- 
stone, and  all  truncated  on  the  line  of  the  High  Main  coal-bed,  to  the 

*  "  Le  carbone  n'appartlcDt  pas  exdusivement  an  terrain  hooiller.  Nov» 
avons  vu  former  des  amas  et  des  couches  exploitables  dans  le  terrain  de  tran- 
sitioD,  et  il  se  prtoentera  encore  dans  des  formationB  post^rieores ;  n\^^^  u  j 
atteint  son  maximam  d'abondance,  et  devient  un  caract^re  presque  constant.'* 
— Burat  TraiU  de  Ge(^nosie,  torn.  i.  p.  274. 

t  See  p.  393.  t  fiakewell's  Introduction  to  Geology,  p.  isa. 
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formation  of  which  the  tops  probably  contributed.*  A  curious  in- 
stance of  similar  appearances  is  noticed  by  Mr.  Wood,  as  having  been 
observed  at  Killingworth  coUiery,  in  the  same  district.  There  were 
many  fossil  trees  rising  perpendicularly  10  feet  through  various  strata 
of  shale  and  sandstone.  They  were  filled  with  sand,  resembling  that 
of  the  upper  beds ;  so  that  they  must  have  been  hollow  when  those  beds 
were  deposited.! 

Mr.  Witham,  in  a  subsequent  publication  to  that  just  quoted,  has 
given  an  account  of  some  interesting  researches  concerning  the  struc- 
ture of  fossil  plants  found  in  the  carboniferous  strata. 

In  the  neighbourhood  of  Coldstream,  on  the  banks  of  the  Tweed, 
numerous  fossil  vegetables  occur  imbedded  in  shale,  belonging  to  the 
carboniferous  group.  Stems  of  trees  are  found  contorted  and  flat- 
tened, as  if  they  had  been  subjected  to  extreme  pressure.  The  longest 
stem  obtained  was  not  much  more  than  4  feet,  and  the  lowest  part  of 
it  about  6  feet  in  circumference. 

**  In  1826  an  enormous  trunk  was  exposed  in  the  lowest  bed  of 
Craigleith  Quarry,  near  Edinbui^h,  at  the  depth  of  upwards  of  136 
feet.  The  length  of  this  trunk  was  36  feet,  and  its  diameter  at  the 
base  3  feet.  It  lay  in  a  nearly  horizontal  position,  corresponding  with 
that  of  the  stratum  of  hard  wmte  sandstone  in  which  it  was  imbedded. 
It  was  incased  in  a  layer  of  coaly  matter,  being  probably  the  altered 
remains  of  the  bark."  From  analysis  it  was  found  to  be  composed  of 
carbonate  of  lime,  60  parts ;  oxide  of  iron,  18 ;  alumine,  10 ;  and  car- 
bonaceous matter,  9.  Its  interior  structure  resembled  that  of  the 
Conifere. 

"  In  November,  1830,  a  magnificent  fossil  stem  was  discovered  in 
the  same  quarry,  which,  in  geological  position,  is  situated  in  the 
Mountain  Limestone  group,  and  lies  considerably  below  the  great  coa 
basins  of  the  Lothians." 


*  Observations  on  Fossil  Vegetables.    1831.    p.  7- 

t  Dela  Beche,  from  Trans,  of  Society  of  Natural  History  of  Newcastle, 
vol.  i. ;  and  Undley  and  Button's  Fossil  Flora  of  Great  Britain. 
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"The  length  of  the  gtem  (aea  preceding  figure)  from  the  base  lotli 
top  K»a  47  £et.     It  preaenled  (be  appearance  of  b  large  brsnehlaa 


le  puts  greatly  flattened,  sa  as  to  form  an  alliptical  are- 
tiOD."  Dimeaaiaoa  :  A,  diameter,  5  ft.  by  «  ft. ;  B,  C,  Z  ft.  8  in.  by 
1  ft.  .5  in, ;  D,  E,  I  ft.  T  in,  by  1  fl. ;  F,  1  ft.  10  in,  by  1  ft.  3  in. ;  G . 
1  ft.  7  in,  by  1  ft.  4  in. ;  H.  snpposed  prolonjotion  of  the  top  of  (he 
stem.  It  ft.;  I,  opper  part  of  the  tree  £rst  discovered,  abuwing  ■ 
cRvitj,  tbfl  seat  of  a  branch. 

The  Buperiacumbenl  mass  must  ha>e  been  shore  100  feat  in  depth. 
The  bark  was  coavFrted  into  coal.     Tbia  foaail  bIbo  exhibita  the  usaat 

of— Carb.  of  lime,  6S  ;  carb.of  iron,  S3;  carbon.  5.;  sp.gr. ,3.87. 
A  third  fosail  stem  of  a  aimilar  characlei  was  found  in  1831,  in  the 

Meeara.  Lindley  and  Hutton,  in  their"  Fossil  Flora,"rol.  i.  p.9,pl.  ii., 
hare  described  the  trunk  of  18X6  and  that  of  183<),  under  the  appeilition 
ofPiflilu  H'ilAami;  sad  hare  named  that  of  1831.  PiaiUi  Mtdailarii. 


*  WIttumi  lUnatntlani  of  FoaaU  Vcfetablea, 
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Mr.  Witbun  Teceired  trom  iLe  Rst,  G.  V.  Hucourt  some  re- 
markable legeUble  fiwsils  fiam  ths  NocChumbriaii  coal-mlseB  ;  oiie  of 
trhicb  ia  Bhown  in  tfaa  preceding  £guie. 

The  •pncimena  "  couaist  of  Bub'CjliiidricBl  or  sliglitlv-comproMed 
dichotoniDDa  stemB.  The  surface  ia  covered  bf  a  thick  envelope  of 
carbonaceous  maner,  preaenlin  g  indistinct  potuberances  arraaged  in 
spiral  seriea,  and  beneath  whiob  are  obseired  papills  of  en  eltiptici] 
form,  higber  than  broad.  Tbe  above  figure  repreaenta  a  poitioa  of 
one  of  tbe  atems,  denuded  of  ita  carbonaceoua  covering. "* 

"he  marginal  figure eihibita a longi- 
I  tudinal  sectioDof  apactofoQe  ofthw 
1  fossils,  in  which  the  central  aiis  ui 
I  pith  ia  entirely  filled  by  calcarecas 
r,  and  a  tube  of  carbonaceous  mal- 
From  the  axis  emanate,  on  ill 
IS,  cylindrical  proceasea,  conaiatiag 
eUnlar  tissue,  with  central  faadcali 
fesaela.  'Ihej  proceed  obliqnell 
Dpwarda  and  oatnerda,  and  Wrminate  ia  the  papiHary  emiaeDcea  ou 
tbe  surface  of  tbe  stem.f 


obliquelj  in  tLe  foregoing  figure,  le- 
1.  t  Idem,  ibid. 


LYCOPODIUM. 


enlral  axis,  u  appears  in  tba  fosi 


•  WUliaiii'i  Illiutntkiiu,  p.  I3. 

t  Baldet  tlw  pncedlnt.  Mr.  Wlthnm  .  _ 

ICDlHed  HMtJOIU  of  dUtiicM  put*  of  tllCM 


fciSli.'" 
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Tolhe  plant  iFlii*li  produced  tfae  Northumbriui  fbinlB,  Mr.  Wilbiui 
hag  aaugned  th*  name  of  LepidadtndTim  Harcourtii.  He  has  exsmineii 
ind  deecribed  ibe  atructure  of  fossil  plants  belongiTig  to  four  distinct 
^oeia :  Pinitca,  Pitas,  ALabatbra,  and  LepidodendroD ;  iDcladtn;; 
nine  species. 

From  the  sections  of  fossil  sterna  found  in  the  coal  strata  and 
mountaia  limeslone,  he  infers  that  "  these  combustible  beda  were 
naases  of  vascular  and  cellular  cryptogamic  plants,  miied  with  gyin- 
[lospermoua  phanerogaiDie  trees,  or  Dthera  of  a  closely-allied  stroo 
[ure;'*  and  not  entirely  of  vascular  cryptogamic  vegetables,  as  aome 

Branches  and  levvsa  of  plantp,  especially  of  ferns,  are  abuDdanC  in 
:he  conl-meaaurea  end  the  formationa  with  which  they  are  connected, 
NumerouB  specimena  are  preserved  in  the  British  Museum ;  two  of 
ivhich  are  eiLibited  in  [be  following  figures. 
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Supermedial  Rocks. 

The  Penean  or  lower  group  of  these  rocks  consists  partly  of  new 
red  sandstone,  with  beds  of  marl,  and  also  gypsum  and  rock  salt ;  and 
in  the  bituminous  copper  slates  are  found  ^e  first  traces  of  those  im- 
mense  reptiles  of  the  lizard  family,  which  are  so  abundant  in  the  liasic 
group.  The  zechstein  or  magnesian  limestone  contains  only  a  few 
genera  of  plants,  several  of  shells,  mpUusca,  radiaria,  and  zoophytes, 
three  of  fishes,  and  one  reptile. 

In  the  Keupric  group  occurs  a  greater  variety  of  plants  and  animals, 
including  among  the  latter  five  or  six  genera  of  saurian  reptiles. 
Among  the  organic  remains  of  the  muschelkalk,  two  of  the  most  cha- 
racteristic are  perhaps  the  Ammonites  nodosus,  and  the  Encrinites  moni' 
Uformis,  or  Lily  Encrinite ;  but  the  former  is  also  found  in  the  higher, 
and  the  latter  in  the  inferior  rocks.  This  limestone  has  not  been  met  with 
in  Britain ;  but  its  characteristic  fossils  occur  in  the  red  marls  and  sand- 
stones, by  which  it  seems  to  be  replaced.  Among  these,  likewise,  are 
beds  of  rock  salt ;  and  from  the  presence  of  that  usefiil  mineral  in  this 
and  the  preceding  group,  they  have  been  described  together  by  some 
geologists,  under  the  appellation  of  the  "  Saliferous  System."* 

The  formations  which  constitute  the  two  following  groups  (the 
liasic  and  the  oolitic),  are  peculiarly  rich  in  fossil  remains.  Among 
those  of  vegetable  origin  are  lignites,  fossil  wood,  sometimes  siliceous, 
impressions  and  casts  of  ferns  (see  p.  413),  cycadaces,  and  fuci.  But 
these  are  not  the  only  kinds  of  plants.  Mr.  Witham  found  in  these 
groups  three  species  of  a  genus  named  Pence,  peculiar  to  the  lias  and 
oolite,  or  at  least  not  occurring  in  anterior  deposits ;  and  two  species 
of  PituSf  which  also  appear  in  the  mountain  limestone.  From  an  exa- 
mination of  these  fossil  trees,  he  ascertained  that  their  tissue,  in 
transverse  sections,  corresponds  precisely  with  that  of  our  Conifene, 
and  more  especially  with  that  of  the  genus  Pinus. 

From  the  circumstance  that  the  concentric  layers  of  the  fossil  vege- 
tables, which  Mr.  Witham  has  described  as  occurring  in  the  lias  and 
oolite,  being  like  those  of  recent  trees,  some  much  broader  than  others, 
he  infers,  that  the  climate  which  existed  at  the  epochs  when  these 
vegetables  grew,  resembled  ours  in  the  irregularity  of  its  successive 

*  Bee  Encyclopaedia  Metrop.— Mixed  Sciences,  voL  iv.  p.  008. 
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aummers.  "  The  ConifeKe  of  the  c«h1  fonnation  imd  m 
Gtoue  group  hare  few  and  slighl  sppearBucea  of  tbe  lines  by  which  the 
■DDUsl  layers  Bie  sepu^ied ;  which  ia  hIsd  ftequeotlj  the  case  with 
the  trees  of  our  present  tropical  regions.  It  is  therefore  possible,  thu 
at  the  epochs  of  these  formations,  the  cbangea  of  seasODf  as  tc  temper- 
ature, at  least,  were  not  abrupt."*  Hence  it  may  be  concluded,  thai 
the  climate  of  these  latitudes,  which  resembled  that  of  tropical  ooud- 
triea  when  the  Timetables  fonning  the  coat  strata  flourished,  bad  become 
more  temperate  and  variable  during  the  growth  of  the  plants  imbedded 
in  the  liaaic  foriaationa. 

But  the  groups  now  under  consideration  are  most  remarliBbte  on 
account  of  their  animal  fossils,  which  ere  numerons  end  iot 
In  tbe  lias  the  crinoid  radiaria  again  make  their  appearance. 


•  niDitnitions  of  Foull  VcEetablei,  p.  tl 
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Tbe  Briarean  Pentacrinite  is  one  of  those  animals  the  remains  of 
which  are  most  common  in  this  country.  The  preceding  figure  exhi- 
bits part  of  the  vertebral  colunm,  and  articulated  processes  connected 
witii  it.  These  fossilized  animids  were  akin  to  the  encrinites>  from 
which  they  are  characteristically  distinguished  by  the  shape  of  the 
bones  composing  the  spinal  columns.  In  the  encnoites  they  are  cir- 
cular disks,  as  may  be  perceived  by  turning  to  the  figure,  p.  42t,  in 
which  several  of  these  bones  are  shown  imbedded  in  mbuntain  lime- 
stone. The  bones  of  the  pentacrinite  are  pentangular.  Multitudes  of 
them  are  found  detached  in  the  formations  of  the  liasic  and  oolitic 

groups,  and  in  the  higher  strata :  from  their 
figure  they  have  been  named  Attraitet,  or  star- 
stones  ;  and  th^y  are  so  often  met  with  at  Las- 
sington  Hill,  near  Gloucester,  that  they  have 
obtained  the  provincial  appellation  of  **  Las- 
sington  stones." 

The  Pentacrinite  is  one  of  those  fossil  ani- 
mals, of  which  there  are  probably  living  ana- 
logues. The  marginal  figure  represents  the 
upper  portion  of  a  radiateid  animal,  described 
by  M.  Guettard,  from  a  specimen  given  by  a 
French  officer,  who  had  been  at  Martinique, 
to  a  lady  at  Paris.*  A  pentacrinus,  differing 
from  the  preceding,  is  also  said  to  have  been 
recently  discovered  in  the  West  Indies ;  and  a 
smaller  species  more  lately  in  the  Cove  of 

Cork.t 

But  among  the  singular  organic  remains  de- 
rived from  animals  which  occur  in  these 
groups,  the  gigantic  and  monstrous  lacerte  de- 
serve particular  notice.  Some  of  these  inha- 
bited the  waters;  and  others  flitted  through 
the  air  like  birds,  or  rather  bats. 


*  V.  M^.  de  PAcad.  des  Sciences  de  Tann.  1755. 

t  Bakewell*8  Introduction  to  Geology— Prelim.  Obs.,  p.  xxzv.  Mr.  Bake- 
well  has  (^ven  a  representation  of  the  latter  pentacrinus,  from  a  drawing  by 
Mr.  J.  V.  Thompson,  of  Cork. 

3  r 
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long  tail,  ospible  of  eitenaiTs  vibrMoi^  motico;  sni 
trare  faroulied  witli  psddl«a  of  a  peeoliar  caiiatraetion.  (See  nilMe- 
qaent  figure  of  the  PiesioBBUCUi.)  SeTenl  apecimeuB  irftbe  Ichdijo- 
Mvnu  hare  been  diacorered ;  uid  cha  iriica  cf  Mnae  ef  1*-1|— i  srs  fn- 
■erred  Id  the  firitiah  Musenm. 

The  mcceeding  figure  reprewnts  «  part  (^  Oa  head  of  A*  Ichlhffi 
Munu  LutifTimt,  from  that  repoDtorif .  The  aoeket  of  the  e  je  iiiiiainia 
about  9  iocbei  acrow,  whence  an  idea  may  be  formed  of  the  atormonE 
aiie  of  the  animal  to  which  this  head  belonged.  The  lehthyctaum 
cammunit  aoraetkuea  exceeded  to  feet  in  leopii ;  the  I.  platyodim  f- 
peara  to  ba*e  had  jaira  8  ieet  in  teogth ;  and  the  J.  immonu  waa  ■ 
Bi|[aatia  apeciae,  of  wbich  tbere  are  the  lower  part  of  one  of  tha  lic- 
bonea,  and  gereral  bonei  bdoBgiii|>  (o  tb«  paddle,  at  the  Briliu 


ThePli 


lie  Pleaiosanri  c<raMituted  another  genna  of  tbeae  atniwa  swib- 

ig  lizards.    Its  limba  have  analogiei  with  those  of  the  roragnbf; 

uumal ;  but  more  elongated  and  fleiibla.     What,  however,  «spec>alh' 

dijitinguiaheB  it  fimn  all  ovipaioua  and  riviparoui  qnadiapedi,  u  a 

■  From  the  flraek  Ix6tif,ajb*,  and  SavpO£,«liMrrf, 
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Audui-  Bsak,  u  kag  u  iU  bod;,  oonposad  of  Airtj  Bad  odd  varte- 
bre.  An  idea  of  its  graeral  farm  idht  b«  obtained  {^m  the  fblloving 
Sgnrt,  ropreMDting  ttw  P'~' ''  '    ' 


" If aiiyllijngi"obiarTM CoTMr,  "could  justify tluBe  hydnw  toid 
otlber  muoitcrs,  ibe  Ggares  of  which  an  bo  oftui'pTesealed  in  tlie 
uumimientB  of  the  middle  igea,  it  would  inconteuUblj  be  this  ple«i»- 

A  more  groteaque  and  moutrooa  animal  iLaa  either  of  the  prened- 

ing,  i*  exhibited  in  the  snaeied  figure  of  the  fouil  skeleton  of  a 

Pleiodactyle.oi  Flying  lizard.  Thei* 

(  ,  I    foaaila  are  not  rmy  common :  they  are 

'-..  ,'      H   found  in  the  limestone  alstes  of  the 

i         ^^I^^^"^.  '         I    lii^'c  group,  at  Solenhofen,  in    Goc- 

n   many  ;  st  StoneaGeld,  in  Oifordahire, 

I  and  at  Lrine  Kegia,  in  Doraetahire. 

I   One  species  was  about  the  aize  of  a 

thrush,  wiothei  of  that  of  s  common 

Tsrlona  ajw- 


PV7 


iddnreao 

heiciuisiui 
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bat ;  and  the  temains  have  been  discorered  of  aome  of  larger  dimea* 

siOQS.* 

The  Wealden  Group  is  not  leas  remarkable  than  the  preceding,  for 
its  fossil  remains.  Among  those  of  vegetable  origin  may  be  mentioned 
the  silicified  trunks  of  coniferous  trees,  and  plants  allied  to  the  recent 
genera  Cycas,  and  Zamiaj  which  have  been  found  a  stratum  called  the 
dirt'bed,  in  the  Isle  of  Portland.  Many  of  the  stems  are  still  erect,  as 
if  petrified  while  growing  undisturbed  in  their  native  forest,  t 

But  the  animal  fossils  discovered  by  Mr.  Mantell  among  the  strata 
of  Tilgate  Forest,  in  the  Weald  of  Sussex,  are  more  curious  and  inte> 
restiug.  Besides  relics  of  crustaceous  and  testaceous  animals  and 
fishes,  he  has  been  enabled  to  recognise  those  of  immense  saurian  rep* 
tiles  ;  some  of  which  were  before  unknown.  To  one  of  these  animals 
he  gave  the  appellation  of  Iguanodon,  from  its  affinity  to  the  Iguana. 
From  the  form  of  its  teeth  it  appears  to  have  been  herbivorous ;  and 
a  comparison  of  its  bones  with  those  of  the  recent  Iguana,  led  to  the 
conclusion,  that  it  must  have  been  fourteen  times  as  large,  or  not  less 
than  70  feet  in  length.  X  Another  specimen  of  this  gigantic  animal 
has  been  recently  found,  near  Maidstone,  consisting  of  vertebne  of 
the  back  and  tail,  numerous  toe-bones,  some  of  which  are  16  inches 
long,  two  claw-bones  of  peculiar  form,  two  thigh-bones  of  great 
length,  one  leg-bone,  two  clavicles,  two  bones  of  the  chest,  and  many 
others.  It  is  said  to  have  been  very  appropriately  presented  to  Mr. 
Mantell.  $ 

In  the  summer  of  1832,  workmen  employed  in  quarrying  the  Tilgate 
grit,  found  a  hard  block,  in  which  were  imbedded  a  number  of  fossil 
bones.  These  being  examined  by  Mr.  Mantell,  were  ascertained  to 
lave  belonged  to  a  new  saurian  animal,  which  he  described  in  a  pap^* 
read  before  the  Geological  Society,  and  afterwards  published.  He 
gave  to  this  creature  the  name  of  IiyUgosaurus,  or  Wealden  Lizard.  It 
must  have  been  from  20  to  30  feet  in  length ;  and  appears  to  have  re- 
sembled the  recent  Iguana  Cixmuta,  in  being  armed  with  a  horn  on 
the  forehead,  and  a  row  of  spines  along  the  back  :  it  had  an  imnoiensely 
long  tail,  and  its  body  was'covered  with  scales ;  whence  it  has  been  pro- 
posed to  call  it  Hyhemaurut  Armatut,\' 


*  V.  Cuvier  Recherches,  u.  a. 

t  See  Mantell's  Geologry  of  the  South-east  of  Engrland,  chap.  xi. 
t  Idem,  pp.  304^316.  f  Globe  Newspaper,  S^t.  ss,  18S4. 

H  See  Geology  of  South-east  of  England,  pp.  31 6-328. 
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In  the  fbrmatioDS  of  ths  Creticeoni  Group  are  itiandaDae  of  organic 
lemsins  of  regetables  and  anitnala.  BesideB  numerous  ibells,  and 
telica  of  radiated  animala,  mollnics,  and  cniaCacea,  thera  are  in  tlwse 
atnta  aome  euriona  loopbjlea.  Among  the  fbaailB  that  nny  be  re- 
garded M  ehaneteristic  of  thia  group  may  be  mentknied,  alcjouites, 
echinitea,  anunonileB,  and  belemnitea. 

The  mar^nal  figure  represents  n 
Gg-fbnned  alcjonite.  of  a  dark  red 
colour,  wherj  the  anrface  ia  not  con- 
cealed bj  its  cortical  coat,  wliich  is 
i  grej,  perraded  by  a  aligbc  tinge  of 
I  Ted.    "  The  pedicle  and  the  opening 
'  al  Che  laparuir  part  ara  here  very 
parfeet.     Slight  tracea  of  lines,  paas- 
)ng  from  Ibe  pedicle  to  the  opening, 
are  diacorerable  in   this  apecimeo, 
and  doubtleaslypoiatouttbeaiTSDge- 
ment  of  fibres  by  which  the  animal 

The  recent  animal,  ncconl- 
mg  to  Count  Marsigli,  is  of  (be 
form  of  H  fig,  being  attached  to  the 
Tocki  hy  branehea  proceeding  from 
ita  am^er  end  ;  its  upper  part  being 
a  1  ttle  flattened,  with  a  hole  in  the 
centre  Its  colourreeemblestbatof 
tobacco  and  its  parenchymsloua 
•ubnaoee,  be  thinka,  cannot  b«  com- 
pared to  any  thing  better  than  to  nul' 
palla,  wben  well  dried." 
AnechiniCe,  from  the  Kentjahcbalk 

Kls  with  one  of  ita  spinea,  ia  exhi* 
led  in  the  annexed  £gnra.  Varioua 
speciM  of  the  genera  Eehiaut  and 
Cularu  are  found  foaailixed  in  Wilt. 


•  PaiUnSDn>s  OrtMie  Bemalns,  to).  U.  pp.  (0, 117. 
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Ttto  genera  of  snTiriBD  reptilei  in  th«  ftwiil  atmte  occm  in  tha  ev 
ceoQB  rocka.  Tliese  ooDsiat  of  a  species  of  crocodile,  (bnod  mt  Me«j 
in  France  ;  and  the  MoaoHBurua,  remaina  of  which  imn  fint  dL 
rered  in  (he  qua>ni«B  of  St.  Peter'i  Moiuitain,  near  Maeetricbt; 
BDCB  near  Leirea,  in  Snaaex.  Thi«  creatare  flppean  to  have  li 
nearly  M  feet  m  length.* 


Th^  preooding  £^n  ezhibita  ■  i^resentstion  of  a  trmamit  «f  ikt 
lowarJBWof  thiaiaunanmonMer,  preaarred  m  the  Bnban  Hobb^. 


In  the  formatiom  aboTe  the  chalk,  t 
□□mber  and  variety ;  though  ni 
longeroccur.  Only  a  few  al 
here.  Extensive  cataloguea  of  ahetla,  diadnguisbing  their  localitiM. 
their  living  analogues,  where  they  are  known,  and  the  retatira  M^  of 
the  depoaita  in  which  they  ara  found,  have  been  publiahed  by  M. 

•  SeeMantcll'>aeologTDrsoath-«aitofED^and,n'I<6— IU|  amdCnlv 
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DMbftjet  and  Mr.  L^elL*    The  CerttUuM  GieanUum,  wkioh  is  re* 
msrkeUe  lor  its  woe,  is  foimd  in  the  LoDdon  ana  Paris  basins. 

"  The  most  eitraordinary  shell  of  this  genas  (^C0ritkium)  is  C.  gigan- 
tmtm^  It  is  turreted,  extremely  long,  and  transTorsely  striated :  the 
teffDS  ift  their  upper  part  are  tabercalar,  and  the  colamella  has  one  fold. 
These  eaonaoos  shells  are  generally  a  foot  in  length.  One  of  the 
ipnoimitBfl  which  I  possess,  and  which  has  lost  at  least  an  inch  or  two 
of  its  length,  still  measures  14  inches.  They  are  found  at  Grignon, 
and  are  not  Tery  rare :  they  are,  howerer,  in  general,  yery  much  in. 
jured ;  rerj  seldom  indeed  having  the  lip  and  sides  open  and  perfect. 
Their  form  is  that  of  a  winding  turriculated  pyramid,  with  in  general 
twenty  turns,  beset  on  their  upper  part  with  a  row  of  nodular  tuber- 
cles, and  having  the  general  surface  lightly  and  transversely  striated. 
Hie  opening  is  oblong  and  oblique,  and  terminates  in  the  lower  part 
in  a  canal,  Sie  extremity  of  which  is  moderately  recurved  ;  and  the 
superior  part,  instead  of  forming  a  canal,  is  laterally  extended,  in  the 
manner  of  an  ear-like  process.  There  is  only  one  fold  on  the  colu- 
mella. This  is,  undoubtedlj,  the  largest  unilocular  univalve  shell 
that  is  known."  t 

During  the  long  period  of  the  deposition  of  the  tertiary  formations, 
quadrupmls  existed ;  several  of  which,  now  extinct,  display  peculiari- 
ties of  form  and  structure.  To  the  researches  of  Cuvier  we  are  in- 
debted for  the  discovery  of  the  genera  of  the  Paleotheria,  LopkUh 
donta,  Anoploihena,  Anthracotheria,  Cfutropokani,  and  AdapU. 

The  marginal  figure  represents  a 
lower  jaw  of  the  PaUtothmium  Maxu 
mum  of  Cuvier,  which,  together  with 
other  remains  of  palaeotheria  aod  ano- 
plotheria,  are  preserved  in  the  British 
Museum.  '*  The  paleotheria  must 
have  resembled  the  tapirs,  among  re- 
oent  animals,  in  their  mneral  form, 
and  in  that  of  the  head,  psrticulady 
in  the  ahortneas  of  the  bones  of  the  nose,  which  aanouacea  that  they 

«  Dflshayes  Description  des  Coqnffles  caraetMstiques  des  Terrains.  Paris, 
mi.  Lyeira  Piindiiies  oT  Geolocj,  vot  tti.  avo.  ist  edit. 
t  Parkinson's  Organic  Remaios,  voL  iU.  p.  71, 
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unit  h**«  bad  anuUpTabotcii  like  tbaUpirt.Hiillullj, in  theirhcTiiig 
■ii  inciion  and  two  cuiiie  teeth  in  eacli  jhw  ;  hut  thej  resranbled  the 
thinocraxis  in  tlwiT  grinden  (of  which  those  of  the  upper  jaw  were 
aqoare,  with  prominent  ridgei  of  rarioaB  configuration,  and  thoaa  of 
the  lower  jaw  in  the  form  of  double  creacents),  as  wall  aa  in  Iheit 
feet ;  all  of  which  were  divided  into  three  toea,  while  in  the  tapirs  tbe 
fore  feet  hare  four.  It  ia  one  of  the  moat  Bitensivel j-difiused  genera, 
and  moat  numeroua  apedea  that  occur  in  tha  depoaita  of  this  period."* 
The  bonea  of  Iheae  extinct  quadmpeda  are  found  in  tbe  gypaum  quai-' 
liea  of  Paha,  and  in  other  parte  oi^Fiaaca. 

AmtMig  the  foaaila  of  the  Britiab  Hnaenm  are  tbe  lower  jaws  of  dif- 
ferent apaciaa  of  Dtimitheria,  part  of  an  upper  jaw,  and  detached  teeth  -, 
fnm  Eppdahaim,  in  Germany. 


The  abore  fignre  extibita  a  lower  jaw  of  the  DainodWiuaa  Ci- 
ganUtoH,  aome  of  the  teeth  of  which  are  wanting;  but  in  wbiob  b 
seen  ens  of  the  ver^  aiDgntarlj-tbrmed  tuaka,  or  weapona  wilb  whkk- 
nature  had  armed  thia  qiuidrup«d. 

•  CdtIst'i  Theorr  ul  the  Kartb,  9.  HM.    Sa« 
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Alluvial  Drpoiiti  and  Bant  Casemi. 

The  remains  of  HevsrHl  animiU  no  longer  in  eiiiteDce,  mingled 
Vfith  iLoaa  of  living  specieB,  occur  in  the  rBlativelj  recent  formations. 
Among  Iheae,  the  Mastodon  Ohioticus  has  stlracled  paiticuUr  stten- 
tioD.  The  enrliesC  notice  that  occurs  of  this  saimal  ia  in  n  letter  Trom 
Dr.  Mather,  of  Boston,  in  New  EoglaDd,  to  Dr.  Woodward  ;*  and  in 
1740,  relics  of  the  Mastodon  were  faand  in  Keutaeky,  OD  the  banks  of 
the  Ohio.  Immense  qutmtitisB  of  ils  bone*  bare  since  been  disco- 
vered in  North  America. 
The  mortal  Eeure  is  ■ 
repreaentatioD  of  a  lower 
jaw  of  the  M.  OhioticuB, 
from  the  British  Mu- 
aenm.  It  messures  abuut 
three  feet  along  the  base. 
Cuvier  aajs,  the  great 
mestodoii  was  as  high  in 
proportion   as   the   ele- 


coreied  with  bristling 
points,  which  made  them  long  be  considered  as  tliose  of  a  camiTorous 
animal.  Its  bones  were  eitremely  large  and  solid.  Its  hoofs  and 
Momach  are  said  to  hare  been  found  in  such  a  stale  of  preserration  as 
to  be  reoognisable  ;  and  it  is  asserted,  that  the  stomach  was  filled  with 
bruis^  branches  of  trees.  The  Indians  imagine  that  the  whole  race 
was  destroved  by  Che  goda  to  prevent  them  from  destroying  the  bumui 
apecies.  Thi>  seems  to  be  a  proof  chat  the  mastodon  was  extinct  be- 
fore America  was  inhabited  bj  man ;  or  else  the  Indians  could  not 
hare  miitakea  this  phycovorous  quadruped  for  a  beast  of  prey.-)- 

The  fbnil  elapbsnt,  called  by  the  Russians  the  Mammoth,  WW  an- 
other of  the  ancient  pscbydermata,  thousands  of  the  csrcssse*  of  whicb 

■  gee  Phllo*.  Tmns.,  sMilitd  b^  Jones,  vol.  v.  pt  U.  p.  110. 


442  ORTCTOLOGY. 

were  dispersed  over  tbe  surfiice  of  the  earth,  from  Spain  to  the  shorei 
of  Siberia,  and  tbrougboat  North  America.  It  was  one  of  this  species 
that  was  found  in  the  beginning  of  the  present  century,  at  the  month 
the  river  Lena,  preserved  in  ice,  and  of  which  tbe  skeleton  was  le* 
moved  to  St.  Petersburgh.  lliis  animal  differed  from  the  modcsro 
elephants,  in  having  a  thick  coat  of  long  hair  on  its  body :  it  was  more 
than  9  feet  high,  and  16  in  length.* 

To  this  period  has  been  assigned  the  Megalonyx,  a  quadruped  whose 
bones  have  been  found  in  the  western  part  of  Virginia,  in  a  cave  in 
the  county  of  Green  Briar,  three  feet  beneath  the  surface  of  the 
ground.  This  creature,  from  its  teeth  and  claws,  appears  to  have  re- 
sembled the  sloths  and  anteaters ;  but  in  size  it  must  have  equalled 
the  largest  oxen. 

The  Megatherium,  the  relics  of  which  have  been  discorered  in 
South  America,  exhibits  an  union  of  the  characteristics  of  the  arma- 
dillos and  the  sloths,  with  the  magnitude  of  the  rhinoceros.  Its  claws 
must  have  been  of  a  monstrous  length,  and  prodigiously  strong ;  and 
its  whole  frame  displays  excessive  solidity.  A  skeleton  of  this  animal, 
found  at  Buenos  Ayres,  was  sent  to  Madrid  in  1789 ;  and  one  more 
Recently  discovered  in  Paraguay,  was  brought  to  England  by  Mr. 
Woodbine  Parish,  and  presented  to  the  Royal  College  of  Sui^eona.t 

Contemporary  with  these  and  other  animals,  the  genera  of  which 
are  become  extinct,  were  hyenas,  bears,  tigers,  wolves,  and  other 
beasts  of  prey  differing  only  in  species  from  those  now  ejEisting.  At 
this  epoch,  remarks  Cuvier,  **  the  class  of  carnivora  was  niuneitMu 
and  powerful."  The  palseotheria,  and  other  mammalia  and  reptilea  of 
the  tertiary  period,  having  been  destroyed  by  some  conviumon  of 
nature,  were  replaced*by  a  brute  population  of' a  different  character, 
and  these  in  their  turn  were  extirpated  by  an  overwhelming  eatM- 
trophe,  which  must  have  preceded  the  origin  of  the  human  race* 

Xlie  bone  caverns*  with  their  contents,  and  the  osseous  bieceis 


*  See  Brande'8  Journal  of  Science,  vd.  viii.  p.  96 ;  and  Covicr 
torn.  \„  iii.    The  soft  iMuts  of  this  animal  had  been  so  tamsHtMkf 
from  decompositlQn,  duringr  a  long  series  of  ages,  by  the  fktysen 
which  It  was  enveloped,  that  the  flesh  was  devoured  by  bean  and  oth( 
of  prey,  alter  its  release  from  its  icy  sepulchre.  ^ 

t  For  an  account  of  the  Megalonyz  and  Megatheiiam,  see  Caviar 
cherehes,  torn.  v.  pt.  i. 


OSSIFEROUS   CAVERNS   IN   FRANCE.  443 

fband  in  other  situatidkiB,  present  phenomena  eomieoted  chiefly  widi 
the  geological  formations  posterior  to  those  of  the  tertiaar  period. 
Cares  containing  the  bones  of  bears  and  other  animals  have  heea  long 
since  noticed  in  Germany.  The  most  anciently  celebrated  is  Baoman- 
shole,  in  the  country  of  filankenburg,  described  by  many  aathors,  and 
especially  by  Leibnitz,  in  his  **  Protogsa."  It  is  formed  of  seTeral 
eayemsy  containing  abundance  of  stalactites,  and  the  bones  of  animals, 
principally  bears.  The  caves  of  Gaylenreuth  in  Franconia,  and  Adela- 
f>erg  in  Camiola,  have  also  attracted  much  attention ;  and  there  are 
many  others,  but  it  does  not  appear  that  among  the  bones  found  m 
them  there  were  any  of  animals  belonging  to  the  lost  genera.* 

In  England  several  bone  caverns  have  been  observed ;  as  that  of 
Kirkdale,  in  Yorkshire,  discovered  in  1821,  and  examined  m  fefw 
months  afterwards  by  Professor  Buckland.  The  floor  of  this  cave  was 
formed  of  argillaceous  and  slightly  micaceous  loam,  mixed  with  nmoh 
calcareous  matter,  and  coated  with  stalagmite ;  beneath  which  were 
buried  bones  and  teeth  of  the  hyena,  tiger,  bear,  wolf,  fox,  weasel, 
elephant,  rhinoceros,  hippopotamus,  horse,  hare,  rabbit,  water-rat,  and 
mouse ;  raven,  pigeon,  lark,  a  small  kind  of  duck,  and  a  bird  idK>ut 
the  size  of  a  thrusb.  From  the  manner  in  which  these  relics  were 
dispersed  over  the  bottom  of  the  cavern  under  the  mud  deposit,  and 
the  great  preponderance  of  hyenas*  teeth  among  the  bony  fragments. 
Dr.  Buckland  concluded  that  this  place  had  been  a  den  of  hyenas,  at 
a  remote  period,  when  tigers,  elephants,  and  hippopotami,  were  among 
the  brute  population  of  this  part  of  the  surface  of  the  globe ;  and  Uiat 
the  hyenas  had  brought  in  the  bones  of  other  animals  which  they  made 
their  prey ;  and  that  this  state  of  things  was  suddenly  terminated  by 
■n  irruption  of  a  diluvial  torrent,  which  buried  the  drowned  and  pre* 
▼ioosly-destroyed  animala  in  an  envelope  of  mud.  f 

There  are  also  ossiferous  caverns  in  France,  which  have  excited  per- 
ticular  attention  on  account  of  the  occurrence  of  human  bones  in  them, 
together  with  those  of  other  animals.  In  the  cavern  of  Biae,  in  the 
department  of  Aude,  M.  Marcel  de  Serres  met  with  a  small  number  of 
bnman  bones,  mixed  with  those  of  extinct  animals  and  with  land- 

«  8ee  Prof.  Jameson's  Geological  niustrationB  of  CnTier*B  Theory  of  the 
BarHi.    Note  <m  Cawt  emiainimg  Borne*  of  Oarmi9&rau9  Ankm^U, 
t  8ee  Buckland  ReliquUs  DUuviauiB. 
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shells;  in  a  calcareoas,  stony  mass,  cemented  by  stalagmite.  M.- 
Toomal  also  found  in  this  mass  and  the  black  mua  abore  it,  human 
teeth,  and  the  fragments  of  rude  pottery.*  In  caverns  in  tertiary  lime- 
stone, at  Poudres  and  Souvenargues,  in  the  department  of  Herauit ; 
and  in  a  cavern  near  Miallet,  in  the  department  of  Gard,  human  bones 
and  coarse  pottery  have  been  discovered,  mingled  with  the  relics  of 
lost  animals,  t  These  phenomena  gave  rise  to  a  controversy  as  to  the 
probability  of  man  having  been  contemporary  with  the  brutes  with 
whose  remains  his  own  are  now  intermixed.  After  noticing  the  argu- 
ments on  both  sides,  Mr.  Lyell  observes,  that "  as  many  of  these 
caverns  may  have  served  in  succession  as  temples  and  habitations,  as 
places  of  sepulture,  concealment,  or  defence,  it  is  easy  to  conceive  ^at 
human  bones,  and  those  of  other  animals  in  osseous  breccias  of  much 
older  date,  may  have  been  swept  away  together  by  inundations,  and 
then  buried  in  one  promiscuous  heap.  It  is  not  on  the  evidence  of 
such  intermixtures  that  we  ought  readily  to  admit  either  the  high 
antiquity  of  the  human  race,  or  the  recent  date  of  certain  lost  species 
of  quadrupeds."^ 

Osseous  breccias  are  not  confined  to  caverns.  They  occur  fre- 
quently in  places  on  the  northern  shores  of  the  Mediterranean  and  its 
islands.  At  Cagliari,  Sardinia,  such  breccia  is  found  in  the  clefts  and 
small  caverns  of  a  tertiary  rock,  about  150  feet  above  the  level  of  the 
sea.  Dr.  Christie  describes  such  a  deposit  at  San  Giro,  near  Palermo, 
as  not  being  confined  to  the  cave  itself,  but  as  forming  part  of  the  ex- 
ternal talus,  resting  upon  the  upper  tertiary  beds,  wid  a  thickness  of 
about  20  feet.  The  bones  were  those  of  the  elephant,  hippopotamus, 
deer,  and  of  the  dog.  At  Gibraltar  have  been  observed  breccia,  formed 
by  the  bones  of  small  animals,  which  seem  to  have  been  thrown  down 
from  the  nests  of  hawks,  which  build  in  fissures  of  the  rock.  Th^  mte 
cemented  together  with  fragments  of  decomposing  limestone  by  fexrv- 
ginous  matter.  In  New  South  Wales  osseous  breccias  have  been  found, 
including  the  bones  of  animals  now  known  to  exist  in  that  country. 

When  the  bones  of  elephants  and  other  large  quadrupeds  were  found 

*  M.  de  Serres  Geognosie  des  Terrains  Tertiaires }  on  Tableau  dea  Prind- 
paux  Animaux  invert^br^s  des  Terrains  marins  tertiaires  du  BQdi  de  la  France. 
IB30. 

t  BnUetin  de  la  Soci^^  Geologiqne  de  France,  torn.  U, 

X  Principles  of  Geology,  vol.  iU.  p.  l6s* 
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imbedded  in  the  earth  in  the  middle  ages,  it  was  conceited  by  the 
Credulous  naturalists  of  that  time  that  these  were  human  relics.  In 
1577,  Felix  Plater,  professor  of  anatomy  at  Basle,  described  several 
fossil  bones  of  the  elephant,  found  at  Lucerne,  as  those  of  a  giant  at 
least  19  feet  high.  Some  immense  bones  having  been  discovered  in 
1613,  near  the  castle  of  Chaumont,  In  France,  a  surgeon  of  Beaure- 
paire,  named  Mazurier,  procured  them,  and  made  a  public  and  no 
doubt  a  profitable  exhibition  of  them,  as  the  remains  of  a  gigantic  king 
of  the  ancient  Gauls,  pretending  that  they  b&4  been  inclosed  in  a 
sepulchre  30  feet  in  length,  bearing  the  inscription,  "  Teutobochus 
Rex."  The  bones,  however,  were  Uiose  of  an  elephant.  At  a  subse- 
quent period,  Scheuchzer,  a  Swiss  philosopher,  brought  forward  an 
example  of  a  skeleton  of  more  moderate  dimensions,  imbedded  in  hard 
stone,  which  he  represented  as  the  undoubted  relics  of  a  human  ante- 
diluvian. He  published  an  abridged  account  of  this  wonderful  fossil, 
in  the  Philosophical  Transactions,  1726 ;  and  he  made  it  the  subject 
of  a  distinct  treatise,  entitled  **  Homo  testis  Diluvii,'*  Cuvier,  at  length, 
ascertained  that  this  alleged  anthropolite  (the  nature  of  which  had 
been  questioned  by  Camper  and  others)  was  9  petrified  lizard,  a 
large  extinct  species  of  salamander.* 

There  is,  however,  at  the  British  Museum,  a  genuine  anthropolite, 
brought  from  Guadeloupe,  in  the  West  Indies.  It  consists  of  a  con- 
siderable portion  of  the  skeleton  of  a  woman  (the  spine,  pelvis,  several 
ribs,  one  arm,  the  }eg  and  this^h  bones)  imbedded  in  a  block  of  calca- 
reous stone.  The  stone  is  a  kind  of  travertin,  formed  of  land-shells, 
slate,  and  fragments  of  shells  and  corals  from  the  sea ;  which,  like  the 
formations  of  a  similar  composition  found  on  the  limestone  coasts  in 
some  parts  of  this  country,  has  acquired  a  great  degree  of  hardness* 
It  is  consequently  a  recent  petrifaction  in  an  alluvial  formation,  f 
Other  skeletons,  probably  those  of  Caraibs,  are  contained  in  the  same 
calcareous  rock ;  and  one,  with  a  portion  of  the  head  remaining,  is  prer 
served  in  the  Museum  of  Natural  History  at  Paris. 


*  Bertraad  Lett,  sur  les  Rev.  du  Olobe,  lett.  ix.  xvl. 
t  Jameson's  Illuttr.  of  Cavier,  pp.  406--mo. 
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The  preceding  map  is  merelv  intended  to  afford  a  very  general  out- 
line of  the  superficial  extent  of  the  great  formations  of  this  country. 
It  will  appear,  firom  inspection  of  this  sketch,  that  the  earlier  rocks 
and  strata  prevail  on  the  w^tern  side  of  the  island,  and  those  of  more 
recent  origin  on  the  eastern  side ;  whence  it  majhe  supposed,  that  the 
primordial  and  submedial  rocks  once  formed  mountain  peaks  or  ridges 
liaing  from  the  sea,  which  ooTered  those  tracts  that  now  constitute 
the  downs  and  levels  of  the  eastern  and  southern  counties.  A.  Pri- 
mordial Rocks.  B.  Primordial  and  Submedial  Rocks.  C.  Submedial 
and  Medial  Rocks.  D.  Chiefly  Supermedial  Formations  below  the 
Chalk.  £.  Supermedial  Formations,  including  the  Chalk.  F.  Forma- 
tions of  the  London  Basin.  G.  Norfolk  Crag.  H.  Alluvial  Deposits. 
W.  Wealden  District :  (formations  immediately  below  the  Chalk.) 
The  letters  on  the  margin  indicate  the  order  of  superposition  of  the 
respective  classes  of  formations.  The  order  of  these  formations  is 
never  inverted  ;  though  the  higher  ones  are  sometimes  wanting,  as  in 
the  Wealds  of  Sussex,  where  die  Hastings  sands  and  clays  are  imme- 
diately covered  by  alluvial  soil.  The  shaded  parts  of  the  map  denote 
the  situations  of  the  principal  coal  deposits. 

Most  of  the  English  coal-fields  lie  between  the  rreat  mountain  chains 
of  primitive  and  transition  rocks  on  the  west,  ana  the  chalk  hills  and 
downs  on  the  eastern  side  of  the  island  in  the  tract  of  country  covered 
by  the  supermedial  formations  below  the  chalk.  Westward  of  these 
deposits  are  the  great  coal-fields  of  South  Wales,  bordering  on  the 
Bristol  Channel.  The  whole  of  the  British  coal-fields  south  of  the 
Tweed  are  thus  arranged  and  distinguished  by  Mr.  Conybeare. 

I.   COAL  DISTRICT   KORTH   OP  TRENT,  OR   GRAND   PENINS   CHAIN. 

Coal  Formations  of  Northumberland. 

Durham* 
N.  of  Yorkshire. 

8.  York,  Nottingham,  sad  Derby. 
S.  Derby. 
N.  Stafford. 
S.  Lancashire. 
N.  Lancashire. 
Cumberland  and  Whitehaven • 
FootofCrossfell. 
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The  preceding  map  is  raerelj  intended  to  afford  a  rery  general  out- 
line of  the  superficial  extent  of  the  great  formatioDS  of  this  country. 
It  will  appear,  from  inspection  of  this  sketch,  that  the  earlier  rocKs 
and  strata  prevail  on  the  w^tern  side  of  the  island,  and  those  of  more 
recent  origin  on  the  eastern  side ;  whence  it  maybe  supposed,  that  the 
primordial  and  submedial  rocks  once  formed  mountain  peaks  or  ridges 
rising  from  the  sea,  which  covered  those  tracts  that  now  constitute 
the  downs  and  levels  of  the  eastern  and  southern  counties.  A.  Pri- 
mordial Rocks.  B.  Primordial  and  Submedial  Rocks.  C.  Submedial 
and  Medial  Rooks.  D.  Chiefly  Supermedial  FormatioBS  below  the 
Chalk.  £.  Supermedial  Formations,  including  the  Chalk.  F.  Forma- 
tions of  the  London  Basin.  G.  Norfolk  Crag.  H.  Alluvial  Deposits. 
W.  Wealden  District :  (formations  immediately  below  the  Chalk.) 
The  letters  on  the  margin  indicate  the  order  of  superposition  of  the 
respective  classes  of  formations.  The  order  of  these  formations  is 
never  inverted  ;  though  the  higher  ones  are  sometimes  wanting,  as  in 
the  Wealds  of  Sussex,  where  Uie  Hastings  sands  and  clays  are  imme- 
diately covered  by  alluvial  soil.  The  shaded  parts  of  the  map  denote 
the  situations  of  the  principal  coal  deposits. 

Most  of  the  £nglish  coal-fields  lie  between  the  ereat  mountain  chains 
of  primitive  and  transition  rocks  on  the  west,  and  the  chalk  hills  and 
downs  on  the  eastern  side  of  the  island  in  the  tract  of  country  covered 
by  the  supermedial  formations  below  the  chalk.  Westward  of  these 
deposits  are  the  great  coal-fields  of  South  Wales,  bordering  on  the 
Bristol  Channel.  I1ie  whole  of  the  British  coal-fields  south  of  the 
Tweed  are  thus  arranged  and  distinguished  by  Mr.  Conybeare. 

I.   COAL  DISTRICT   KORTH   OF  TRENT,  OR   GRAND   PXNINS   CHAIN. 

Coal  Formations  of  Northumberland. 

Durham* 
N.  of  Yorkshire. 

8.  York,  Nottingham,  and  Derby. 
8.  Derby. 
N.  StafiR>rd. 
S.  Lancashire. 
N.  Lancashire. 
Cumberland  and  Whitehavea. 
Foot  of  Crossfell. 
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Coal  FonnatiooB  of  Ashby  de  1b  Zoach, 
Warwickshire. 
S.  Stafford  or  Dadlaj. 
IndicBtioiia  near  tte  Lickey  Hill,  &c. 


Nurth  WelA—me  of  An^eaaa. 

FUntBhire. 
Mid-v>atem  or  Skrirpihire — Plain  of  Sbrewabnry. 
Coalbraok  Dale. 
Clee  Hilla  and  S.  Sbropghire. 
Seuth.«iaum—ln  S.  Wales. 

ForaatofDean. 
S.  Gloueester. 
Somerset. 
London  is  cbieflj  supplied  witb  coal  from  the  minss  of  Northnni- 
berlsad  and  Durham.  According  to  Dr.  Thomson,  these  countieH  mav 
conliaue  to  liiruish  fuel  for  the  canaumptioii  of  the  metropolis,  at  the 
same  rata  as  at  present,  for  a  thousand  years  to  come.     Mr.  Bakewell, 
boweyer,  states,  that  these  Dprthem  mines  will  be  eihsusied  in  about 
three  hundred  sad  fifty  years ;  but  he  alleges,  that  the  great  coal-fieldt 
of  South  Wales  will  supply  England  witb  fuel  for  two  uiOQaand  veus, 
after  all  the  Engliah  cMtminea  are  worked  out. 
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WHBRE  THB  DUTIES  OF  THB  OBOLOOm  TBRMINATB  THOSB  OF  THB  MBmSOBOLO- 
OI8T  MAY  BB  SAID  TO  BBOIN.  TO  HIM  IT  BELONGS  MORE  E8PBCIAla.T  TO  <»M- 
8IDER  THB  OLOBB  IN  ITS  PRESENT  CONDITION  OF  QDIETDDB  OR  BQUIUBRIDMi 
AND  TUB  MEANS  BT  WHICH  THIS  STATE  OF  EQUILIBRIUM  IS  MAINTAINED  :  IN 
PABTICULAR,  TO  POINT  OUT  THE  INFLUENCES  OF  HEAT  AND  LIGHT,  AKD  Or  TBS 
ENBRGIES  ALLIED  TO  THEM  {  TO  STUDY  THE  LAITS  OF  DISTRIBUTION,  AMD  CHAXGB 
OF  THESE  IMPORTANT  AGENTS  IN  THB  PRODUCTION  OF  CLIMATB  ;  TO  TRACK,  IN 
SHORT,  THB  EFFECTS  OF  THESB  WONDERFUL  PRINCIPLES  UPON  THE  SASTH,  THB 
OCEAN,  AND  THE  ATMOSPHERE,  AND  ALL  THB  INFINITB  VARIETY  OF  THE  PHENO- 
MENA DEPENDENT  UPON  THEM. 

Chemistry,  Meteorology,  inc.,  considered  with  reference  to  Natwral 
Theology,  By  ff .  Prout,  M.J),    1834. 
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Thikk  are  kw  •utrjMM  eonaeoted  witfa  Natoral  Philosophy  which 
lire  mora  gvimaUjr  intarradng  Ihan  that  which  ii  aboal  to  engage  our 
attcatioa.  Ueteorologjr  may  be  considered  aa  a  science  aupplementsr; 
to  Gaolt^;  and  as  the  letter  relates  to  the  gtste  and  coastitatioii  of 
the  terreatrial  globe,  ao  the  former  re^rds  the  composition  of  the 
BtnHxphaie,  and  the  investigitioD  of  the  constant  ehsnges  that  are 
taking  place  in  it.  "  The  quality  of  the  air,  as  effected  by  cold  or 
beat,  moistare  or  dryness,  end  other  circumstances,  is  diatinguished 
by  the  term  westfaer.  The  koowledge  of  the  alterations  of  the  weather 


perfect,  and  require*  for  iu 
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obserratioos.''*  Notwithstanding,  however,  the  confessedly  defectire 
state  of  this  branch  of  physical  science,  it  is  certainly  one  which  has 
occupied  the  attention  of  mankind  in  varioas  ages,  and  in  several  dif- 
ferent parts  of  the  world ;  but  it  is  only  in  our  own  times  that  it  has  been 
studied  with  the  attention  due  to  it,  both  in  an  economical  and  in  a 
philosophical  point  of  view.  To  the  navigator,  the  traveller,  the  hus- 
bandman, and  numerous  other  classes  of  persons,  the  state  of  the 
weather,  and  the  anticipation  of  the  probable  changes  that  may  occur 
in  it,  must  ever  be  topics  of  considerable  interest  and  importance ; 
while  the  scientific  inquirer  will  feel  no  less  anxious  to  trace  the  laws 
by  which  meteorological  phenomena  are  regulated,  and  to  study  their 
connexion  with  those  of  Astronomy  and  Geology. 

One  of  the  latest  and  most  distinguished  of  our  meteorological 
writers  remarks,  that  "  man  may  almost  with  propriety  be  said  to  be  a 
meteorologist  by  nature :  he  is  naturally  placed  in  such  a  state  of  de- 
pendance  on  the  elements,  that  to  watch  their  vicissitudes  and  antici- 
pate their  disturbances  becomes  a  necessary  portion  of  the  labour  to 
which  he  is  bom*    The  daily  tasks  of  the  mariner,  the  shepherd,  and 
the  husbandman,  are  regulated  by  meteorological  observations ;  and 
the  obligation  of  constant  attention  to  the  chimges  of  the  weather  has 
endued  the  most  illiterate  of  the  species  with  a  certain  degree  of  pre- 
science of  some  of  its  most  capricious  alterations.     Nor  in  the  more 
artificial  forms  of  society  does  the  subject  lose  any  of  its  universality 
of  interest :  much  of  the  tact  of  experience  is  blunted  and  lost ;  but 
artificial  means,  derived  from  science,  supply,  perhaps  inadequately, 
the  deficiency ;  and  the  general  influence  is  still  felt  and  acknowledged, 
though  not  so  accurately  appreciated.     The  generality  of  this  interest 
is,  indeed,  so  absolute,  that  the  common  form  of  salutation  among  many 
nations  is  a  meteorological  wish,  and  the  first  introduction  between 
strangers  a  meteorological  observation."! 

Meteorology,  in  its  most  extensive  acceptation,  has  for  its  object  not 
merely  the  observation  of  atmospherical  phenomena,  or  of  those  occa- 
sional appearances  styled  meteors,  to  which  the  attention  of  conuDon 
observers  has  been  generally  limited,  but  it  likewise  indudes  the 
rationale  of  terrestrial  as  well  as  atmospherical  phenomena. 


*  Elements  of  Natural  Philosophy,  by  Prof,  Vieth,  (Germ.)  p,  4«6, 
t  Daniell's  Meteorological  Essays  and  Obeervationa.  2d  edit. 
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Ikceidental  or  permanent,  which  depend  on  the  action  of  heat,  elec- 
tricity, magnetism,  or  light.  Considered  in  this  point  of  view,  the 
subject  will  appear  to  be  of  immense  extent ;  and  it  may  hence  be  cha- 
racterized as  the  application  of  the  laws  of  Pyronomics,  Optics,  and 
Electro-magnetism  to  the  study  of  nature.  To  take  any  thing  like  a 
complete  survey  of  the  science  in  all  its  bearings,  would  not  only  re- 
quire a  much  greater  space  than  the  plan  of  this  work  will  allow,  but 
would  also  render  it  necessary  to  repeat  much  that  has  been  intro- 
duced elsewhere,  in  illustration  of  topics  discussed  in  some  of  the 
preceding  treatises,  both  in  the  former  and  in  the  present  volume.  This 
essay  on  Meteorology  will  therefore  be  confined  to  the  investigation  of 
the  influence  of  moisture  and  temperature,  on  the  state  of  the  ;atmo- 
sphere,  and  the  explanation  of  the  nature  and  causes  of  the  most  im- 
portant meteorological  phenomena,  with  references  to  such  subjects 
as  have  undergone  previous  discussion. 

The  general  properties  of  the  atmosphere,  as  a  permanently  elastic 
fluid  encompassing  on  all  sides  the  solid  globe  of  the  earth,  and  indefi- 
nitely extended  from  its  surface,  have  been  pointed  out  and  illustrated 
in  the  treatise  on  Pneumatics.  It  has  been  stated,  that  at  the  height 
of  fifty  miles  the  air  does  not  possess  sufficient  density  to  reflect  the 
rays  of  light ;  and  though  it  is  not  improbable  that  the  atmosphere  may 
exist  at  a  still  greater  elevation,  yet  the  speculations  of  Dr.  Wollaston 
go  far  to  prove  that  it  must  have  certain  limits,  beyond  which  the 
ethereal  medium  must  be  of  such  extreme  tenuity  as  to  occasion  no 
appreciable  resistance  to  the  revolutions  of  the  planets  round  the  sun : 
for  if  they  revolved  in  a  resisting  medium,  like  the  air,  the  regularity 
and  uniform  extent  of  their  orbits  would  be  disturbed,  contreiyto 
what  may  be  concluded  from  a  comparison  of  astronomical  observa- 
tions made  at  different  and  remote  periods.*  The  peculiar  tempera- 
ments of  various  organized  beings  qualify  them  respectively  for  the 

«  It  should,  however,  be  remarked,  that  the  observations  of  astronomers 
during  a  period  of  even  two  thousand  yean,  c^  afford  no  conclusive  evidence 
of  the  non-existence  of  a  highly  attenuated  but  resisting  medium,  beyond  the 
atmospheres  of  the  earth  and  other  planets.  For  though  it  may  require  a 
lapse  of  millions  of  ages  before  the  orbits  of  these  dense  bodies  can  be  sensi. 
biy  affected  by  the  medium  they  traverse,  yet  lighter  bodies,  such  as  comets 
are  snpposed  to  be,  may  afford  indications  that  the  celestial  space  is  not  an 
absolute  vacunm.    8ce  Treatise  on  Geology,  p.  su. 
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seyeral  sitnations  they  inhabit.  The  deepeBt  mbjsses  of  the  sea  are 
probably  destitute  of  animated  'beings,  bat  the  gigantic  whale  can  de- 
scend to  a  vast  depth  beneath  the  snrfkce  of  the  ocean,  tkongk  breath- 
ing  the  air  like  man,  and  consequently  unable  to  remain  deprived  of 
it  but  for  a  comparatively  short  period  ;  and  the  pol3rpe  la3rs  the  fband> 
ation  of  his  coral  cells  on  rocks  often  apparently  far  beneath  the 
usual  abodes  of  the  finny  tribes.  On  tbe  other  hand,  the  condt>r  dwells 
in  the  upper  regions  of  the  air,  and  wings  his  steady  flight  over  tbe 
summits  of  Pinchincha  or  Chimborazo,  which  are  among  tbe  loftieet 
peaks  of  the  migh^  Andes.  Inflamed  bodies  would  become  extin- 
guished for  want  of  air  at  the  height  of  about  20,000  yards  above  tbe 
sea ;  hydrogen  gas  would  no  longer  deserve  the  name  of  inflammdile 
air  at  35,000  yards ;  and  sulphur  would  be  incombustible  at  30,000 
yards,  if  it  was  possible  for  it  to  be  transported  to  such  an  eminence. 

The  temperature  of  the  atmosphere  diminishes  in  proportion  to  tb» 
elevation  above  iJie  level  of  the  sea.  The  degree  of  temperatore,  how- 
ever, is  further  influenced  by  other  causes,  and  should  be  estimated 
with  reference  to  tbe  normal  heat  of  plains,  whence  may  be  defined 
the  direction  of  isothermal  lines  for  summer  and  winter  ;*  depending 
more  or  less  on  the  mass  and  configuration  of  mountains ;  the  strata  of 
clouds  or  vapours  which  may  intercept  the  radiation  of  heat  from 
plains  below ;  and  likewise  on  tbe  winds  or  currents  of  air  p«ay»g 
horizontally  from  one  zone  to  another  of  a  different  temperature,  f 

The  gravity  of  the  air,  and  the  continual  variations  taking-  place  in 
it,  are  among  the  most  important  causes  of  several  atmospheric  pheno- 
mena. Abundance  of  facts  demonstrate  that  the  weight  of  a  colusm  of 
air,  of  any  given  diameter,  is  equal  to  that  of  a  similar  column  of  water 


*  These  have  been  also  ilenominated  Isotheral  and  Isochelmal  lines ;  the 
former  signifying  lines  of  equal  temperature  for  the  summer  season,  and  tlie 
latter  lines  of  equal  winter  temperature.  See  Report  oi  the  British  Asaoda- 
tipn,  1832,  pp.  217,  218. 

t  For  observatioDS  on  tbe  extremes  of  heat  and  cold  which  have  oceurred 
in  different  regions ;  and  relative  to  the  mean  temperature  of  the  poles  and 
the  equator,  see  Book  of  Science,  pt.  i.,  Pyronomicst  pp.  299—297  ;  sd  *>^*iM»^ 
pp.  298— SOS.  And  for  an  account  of  the  direction  and  extent  of  isotliaiDal 
zones,  the  mean  temperatures  of  days,  months,  and  seasons,  and  the 
temperatures  of  climates,  see  Fonillet  Elem.  de  Phyaique  et  de 
torn.  u.  pp.  628—638;  and  Encyclopedia  Metrop.,  vol.iv.. 
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33  feet  in  height,  or  of  a  column  of  mevcury  30  indies  high.  Such 
is  nearly  the  amount  of  the  mean  gravity  of  the  atmosphere  at  the 
level  of  the  sea.*  Its  relative  gravitating  force  or  pressure  must  of 
course  decrease  in  ascending  above  the  surface  of  the  earth  ;  but  aug- 
mentations and  diminutions  of  that  force  are  observable  at  the  same 
place,  which  must  therefore  arise  from  circumstances  independent  of 
local  elevation.  These  alterations  of  atmospheric  pressure  may  pro- 
bably have  a  considerable  effect  on  the  animal  creation.  They  are 
indicated  by  the  rising  or  depression  of  a  coluinn  of  mercury,  inclosed 
in  a  glass  tube,  forming  the  well-known  instrument  called  a  barometer* 
It  has  been  computed,  that  the  weight  of  air  commonly  pressing  on  the 
surface  of  the  body  of  a  man  of  middle  size  is  about  30,000  lbs. .  hence 
a  variation  of  height  in  the  mercurial  column  of  only  a  single  line 
must  indicate  an  alteration  of  atmospheric  pressure  to  the  extent  of 
about  84  lbs. 

The  variations  of  pressure  that  have  been  observed  are  either  periodi- 
cai  or  4H:casional.  I'he  horary  variations  are  the  most  important.  From 
the  observations  of  M.  Ramond,  it  appeared  that  the  barometer  at- 
tainod  its  maximum  height  at  9  a.  m.  and  at  11  p.  m.  ;  and  its  minimum 
at  4  A.  M.  and  4  p.  m.  These  variations  take  place  with  greater  regu- 
larity between  the  tropics  than  in  £urope  ;  and  we  learn,  from  the  in- 
vestigations of  Humboldt,  that  near  the  equator  the  barometer  attains 
a  maximum  at  9  a.  m.  and  p.  m.,  and  a  minimum  at  3  or  4  a.  m. 
and  p.  M.  so  constantly,  that,  in  almost  all  states  of  the  air,  the 
height  of  the  barometer  will  indicate  the  time  of  day.  The  causes  of 
these  horary  oscillations  are  somewhat  obscure;  though  it  appears 
probable  that  they  chiefly  depend  on  temperature* 

The  occasional  variations  of  atmospheric  pressure  seem  to  be  inti- 
mately connected  with  the  direction  of  the  wind.  They  are  greatly 
influenced  by  latitude.  '*  At  the  equator  they  maybe  said  to  be  almost 
reduced  to  nothing ;  for  it  rarely  happens  that  any  change  takes  place 
to  interfere  with  we  regular  course  of  the  diurnal  tides.  A  hurricane 
creates  almost  the  only  exception.  I'he  amount  of  variability  increases 
towards  the  poles,  in  a  great  measure  owing,  probably,  to  the  irregn- 

*  The  mean  height  of  tiie  barometer  at  London  for  the  year  1788  was  29.96 
inches ;  for  1789*  9979  in. ;  and  for  1790.  S9.98  in.  Dr.  Dalton*s  Meteorological 
ObservatioDS  and  Essays,  9d  edit,  1834  { Cram  Pbilos.  Ttansact. 
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larity  of  the  winds  beyond  the  tropics.  The  mean  amount  of  yaiiation 
may  be  stated  at  the  equator  at  two  lines,  in  France  at  ten  lines,  in 
Scotland  at  fifteen  lines,  throughout  the  year;  but  this  quanti^has 
its  monthly  oscillations/'* 


WINDS. 

The  atmosphere  may  be  considered  as  consisting  of  a  multitude  of 
concentric  strata,  the  density  of  which  decreases  in  proportion  to  their 
height  above  the  surface  of  the  sea.  While  an  equilibrium,  exists  be- 
tween the  different  parts  of  the  aerial  mass,  it  remains  calm  and  tran- 
quil ;  but  if  the  equilibrium  be  broken  by  any  canse  whatOFer,  the  mass 
becomes  agitated,  and  that  kind  of  motion  in  the  air  takes  place  which  is 
termed  wind.  Among  the  general  causes  that  destroy  the  equilibrium 
of  the  atmospheric  strata,  the  most  common  are  change  of  temperature 
or  pressure,  tides  and  great  currents  of  water,  the  rotatory  motion  of 
the  earth,  the  hygrometric  or  the  electric  state  of  the  air,  and  the  actkn 
of  the  sun  and  the  moon.  There  are  others  the  influence  of  which  is 
less  extensive,  as  earthquakes  and  the  eruptions  of  volcanos. 

Alteration  of  temperature  is,  perhaps,  the  most  usual  as  well  as  the 
most  important  cause  of  aerial  currents  or  winds.  When  one  portion 
of  a  mass  of  air  becomes  more  heated  than  those  parts  by  which  it  is 
surrounded,  it  is  rarefied  and  rendered  lighter  than  before  ;  so  that  it  as- 
cends to  a  higher  level,  while  the  adjacent  colder  and  denser  air  rushing 
in  to  supply  its  place,  streams  of  air  tend  from  all  points  towards  that 
where  the  partial  vacuum  has  thus  been  formed.  Professor  Pouillet  re* 
marks,  that  Winds  may  be  propagated  by  impulsion  and  by  tisphratign. 
We  designate  thus  the  two  opposite  modes,  which  ought  to  be  caiefnUv 
distinguished.  Wind  is  propagated  by  impulsion,  when  it  blows  to- 
wards a  place  in  one  direction,  and  its  progressive  march  is  in  the  sams 
direction :  thus  it  is  with  the  wind  that  issues  from  s  pair  of  bellows, 
when  the  included  air  is  compressed.  Wind  is  propagated  by  aspiia- 
tion,  when  the  blast  takes  place  in  one  direction,  and  the  progiessive 
march  of  the  wind  is  in  a  contrary  direction :  this  is  what  happgff* 
when  the  wind  enters  a  pair  of  bellows  in  which  the  air  is  rmiefied ; 

*  Forbes  on  Meteoroloflry—Report  of  Brit.  Assoc,  for  ]83S«    p.  235* 
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for  the  blast  rusbes  towards  the  nozzle,  but  the  progressive  march  of 
the  corrent  is  in  an  opposite  direction ;  for  the  most  distant  points 
whence  the  air  is  dravm  last  receive  the  impression.  This  latter  mode 
is  not  so  unusual  as  might  be  imagined,  as  will  appear  from  the 
phenomena  of  hurricanes.  Wargentin  has  also  made  similar  re- 
marks on  the  winds  in  the  north  of  Europe:  he  says,  '*  When  the 
wind  proceeds  from  the  west  it  is  felt  at  Moscow  earlier  than  at  Abo, 
though  the  latter  city  is  about  400  leagues  farther  westward  than 
Moscow  ;  and  this  wind  does  not  reach  Sweden  till  after  it  has  blown 
over  Finland."  * 

The  manner  in  which  winds  are  produced  bj  changes  of  tempera- 
ture may  be  illustrated  by  some  simple  experiments.  The  production 
of  a  current  by^  lowering  the  temperature  of  a  portion  of  air  may  be 

exhibited  by  means  of  the  apparatus  represented 
■^  in  the  margin.  Tie  a  piece  of  wet  bladder  over 
the  mouth,  C  D,  of  the  bottle,  F  G  C  D,  after 
having  poured  into  it  as  much  water  as  will  half- 
fill  the  neck  when  the  bottle  is  inverted.  Then 
take  a  large  bladder,  H  K  L  I,  and  cut  off  the 
neck  of  it  in  such  a  manner  as  to  leave  a  consi- 
derable opening,  I H  ;  and  having  made  a  hole 
in  it  at  K  L,  the  neck  of  the  bottle  is  to  be  put 
through  it,  and  the  edges  of  the  bladder  must  be 
tied  rest  round  the  bottle,  so  that  no  liquid  may 
pass  between  the  bladder  and  the  bottle.  Next  throw  a  table-spoon* 
ful  or  two  of  common  salt,  and  as  much  again  of  snow  into  the  bladder, 
and  upon  the  globular  part  of  the  bottle,  and  stir  them  together  with  a 
stick  or  wooden  spoon.  The  snow  and  salt  will  then  begin  to  melt, 
absorbing  heat  from  the  bottle  with  which  they  are  in  contact,  and 
from  the  air  within  it,  which  will  thus  become  cooled  down  to  such 
a  degree  that  it  would  freeze  the  water  in  the  neck  of  the  bottle  if  it 
reached  above  the  part  at  which  the  bladder  is  tied ;  and  as  this  might 
embarrass  the  experiment,  but  a  small  quantity  of  water  should  be  in- 
troduced. Now  the  air  within  the  bottle  being  condensed,  and  having 
its  elasticity  weakened  by  the  deprivation  of  heat,  while  the  external 


*  Pouillet  Bl^m.  de  Pbyt.  ExiM^-r.  et  de  M^oroL 
pp.  710*  710* 
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air,  which  is  not  so  oold,  retains  m<Hre  expansiFe  pow«r»  it  will  foiea 
its  way  into  the  bottle,  and  produce  a  current,  on  the  bladder  C  D 
being  punctured  with  a  large  pin  at  E.  The  air  will  then  be  aeea 
rising  up  in  bubbles,  with  considerable  velocity,  through  the  water  in 
the  neck  of  the  bottle,  till  the  equilibrium  is  restored  between  the  ex- 
ternal and  the  inclosed  air. 

The  converse  of  the  preceding  experiment  may  be  performed  by 
slightly  varying  the  apparatus  already  described.  Take  a  bottle  en- 
compassed with  a  bladder,  as  before,  and  leaving  it  open*  turn  it  up- 
side  down,  with  the  mouth  upon  a  plate  or  shallow  dish,  in  which  has 
been  put  a  sufficient  quantity  of  water  to  cut  off  the  connexion  be- 
tween the  air  in  the  bottle  and  the  external  air.  .  Then  pour  hot  water 
upon  the  bottom  of  the  bottle,  and  into  the  bladder  surrounding  it. 
The  heat  thus  applied  will  expand  the  air  in  the  bottle,  which  will 
issue  out  in  a  current,  through  the  water  in  the  plate,  producing  a 
mimic  wind,  that  may  be  felt  on  holding  the  hand  near  the  place  where 
the  air  escapes. 

These  experiments  show  the  different  modes  of  propagation  of  aerial 
currents  which  Pouillet  has  indicated.  The  stream  of  air  rising  through 
the  water  into  the  first  bottle  (in  which  a  partial  vacuum  has  been 
formed  by  reduction  of  temperature)  is  obviously  a  current  of  aspira- 
tion ;  and  that  issuing  from  the  second  bottle,  through  the  expansion 
of  the  included  air  by  heat,  is  a  current  of  impulsion.  Each  of  theee 
methods  of  propagation  of  blasts  of  wind  may  doubtless  be  sometioaes 
distinguished ;  but  it  seems  probable  that  winds  in  general  should  be 
regarded  as  the  joint  effect  of  expansion  in  one  part  of  the  atmosphere^ 
and  condensation  in  another. 

Some  interesting  "  Facts  and  Observations  relating  to  the  Winds, 
Wav.es,  and  other  Phenomena,  by  which  the  Surface  of  the  Sea  is 
affected,"  were  published  by  Captain  Horsburgh,  in  Nichola^as 
*'  Journal  of  Natural  Philosophy,"  which  serve  to  show  that  %  de> 
scending  current  of  air  may  be  propagated  in  various  directions.  He 
says,  « 1  have  several  times,  in  calm  weather,  seen  a  cloud  generate 
and  diffuse  a  breeze  on  the  surface  of  tlie  sea,  which  spread  in  different 
directions  from  the  place  of  descent.  A  remarkable  instance  of  this 
occurred  in  Malacca  Strait  during  a  calm  day,  when  a  fleet  was  in 
company :  a  breeze  commenced  suddenly  from  a  dense  cloud,  its  centre 
of  action  seemed  to  be  in  the  middle  of  the  fleet,  which  was  much  scatp 
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tered.  The  breeze  spread  in  every  direction  from  a  centre,  and  pro- 
duced a  singular  appearance  in  the  fleet,  for  every  ship  hauled  close  to 
the  wind  as  the  breeze  reached  her,  and,  when  it  became  general,  exhi- 
bited to  view  the  different  ships  sailing  completely  round  a  circle, 
although  all  hauled  close  to  the  wind."* 

Captain  Horsburgh  afterwards  says,  *'  It  frequently  happens  during 
a  ty-for^  in  the  Chma  Sea,  that  the  waves  run  in  every  direction ;  hav- 
ing the  appearance  of  elevated  mounts  or  pyramids,  which  infringe  on 
each  other  with  great  violence.  Ships  are  very  liable  to  lose  their 
rudders,  when  these  pyramids  strike  against  them ;  and  the  msots  are 
endangered  by  the  quick,  turbulent  motion  proceeding  from  such 
heterogeneous  impulse."  t  He  also  states^  that  the  swell  of  the  sea 
caused  by  a  storm  may  be  propagated  with  a  greater  mean  velocity 
than  the  storm  that  causes  it.  and  may  therefore  arrive  on  a  coast  be- 
fore it,  or  come  after  the  storm  has  ceased.  These  phenomena  he 
attributes  to  the  interference  of  contrary  winds. 

The  sudden  condensation  of  atmospheric  vapour,  &om  depression 
of  temperature,  must  be  one  of  the  most  powmrful  causes  of  winds ; 
and  hence  they  are  often  observed  to  accompany  showers  of  rain.  In 
the  equatorial  regions,  water  to  the  height  of  an  inch  sometimes  falls 
over  a  large  extent  of  territory.  Suppose  it  to  be  100  square  leagues 
of  surface :  the  vapour  required  to  produce  such  a  mass  of  water  as 
would  cover  an  area  of  100  leagues  square  an  inch  deep,  would  oc<« 
cupy  ten  thousand  times  as  much  space ;  or,  with  the  same  superficial 
extent,  would  be  100,000  inches  in  thickness.  That  consequently 
would  be  the  dimensions  of  the  void  that  would  result  firom  such  a 
condensation.  Meteoric  water,  indeed,  is  not  in  this  highly  rarefied 
state,  but  in  the  state  of  vesicular  vapour.  Since  that,  however,  is 
suspended  in  the  atmosphere,  it  must  possess  an  inferiority  of  density 
and  consequent  superiority  of  bulk,  compared  with  liquid  water  ;  and 
its  condensation  into  drops  of  rain  must  cause  a  partial  vacuum,  to 
fill  which  the  air  will  rush  in,  probably  from  different  directions,  and 
excite  great  commotions  in  the  atmosphere,  t 

Winds  may  be  distinguished  as  being  either  regular  or  variable* 

*  Nicholson's  Journal,  8vo.  vol.  xv.  p.  il.  t  Idem,  p.  12. 

t  PouiUet  Bem.  de  Pbys.  at  de  UkbotoL,  torn.  ii.  p.  716. 
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Among^  the  former  are  the  Trade  Winds,  between  the  tropics ;  thif 
Monsoons,  in  the  Arabian,  Indian,  and  Chinese  Seas ;  and  the  Sea  and 
Land  Breeaes. 

Oyer  the  Atlantic  and  Pacific  Oceans,  the  trade  winds  blowing 
permanently  westward,  extend  from  30**  N.  to  30^  S.  latitude.  When 
the  son  is  on  the  equator,  the  trade  winds,  in  sailing  northward,  yeer 
more  and  more  from  the  east  towards  the  north  ;  so  that  at  their  limit 
they  become  nearly  N£. ;  and  on  the  contrary,  in  sailing  southwud, 
they  become  at  last  almost  S£«  When  the  sun  is  near  the  Tropic  of 
Cancer,  the  trade  winds  north  of  the  equator  become  more  nearly  east 
than  at  other  times,  and  those  south  of  the  equator  more  nearly  south; 
the  contrary  phenomena  are  obseryed  when  the  sun  is  near  the  Tropic 
of  Capricorn.  The  trade  wind  becomes  due  east  not  exactly  upon  the 
equator,  but  about  4**  N.  of  it. 

These  intertropical  winds  are  the  effects  of  the  diurnal  action  of  the 
sun  in  raising  the  temperature  of  the  atmosphere  over  those  points  of 
theearth's  surface  where  its  beams  are  vertical  combined  with  those 
arising  from  the  earth's  motion  on  its  axis.    The  lower  strata  of  the 
atmosphere  near  the  equator  becoming  heated  and  rarefied  by  the  sun 
during  the  day,  form  ascending  currents  spreading  towards  the  poles ; 
while  under  currents,  from  the  north  and  south  pole  respectively,  flow 
in  to  supply  the  partial  vacuum  caused  by  the  condensation  of  the  air 
over  the  eqaatorial  space  during  the  night. .  The  polar  currents,  which 
would  otherwise  meet  and  destroy  each  other  at  the  equator  or  near  it, 
are  modified  by  the  motion  of  the  earth ;  for  the  air  which  is  con- 
stantly passing  from  points  where  the  surface  of  the  earth  moves  most 
slowly,  towards  those  where  its  velocity  is  greatest,  cannot  have  exactly 
the  same  motion  eastward  with  the  part  over  which  it  is  passing,  and 
therefore  must  relatively  to  the  surface  beneath  it  form  a  current  in  an 
opposite  direction.    Thus,  *'  the  two  general  masses  of  air  proceeding 
from  both  hemispheres  towards  the  equator,  as  they  advance  are  con- 
stantly deflected  more  and  more  towards  the  east,  on  account  of  the 
earth's  rotation  ;  that  from  the  northern  hemisphere,  orig^allya  north 
wind,  is  made  to  veer  more  and  more  towards  the  east,  and  thwx  fiom 
the  southern  hemisphere  in  like  manner  is  made  to  veer  from  the 
south  towards  the  east :  these  two  masses  meeting  about  the  equator. 
or  in  the  torrid  zone,  their  velocities  north  and  south  destroy  each 
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other,  and  tbey  proceed  afterwards  with  their  common  velocity  from 
east  to  west,  round  the  torrid  zone,  excepting  the  irregularities  pro- 
duced by  the  continents."  * 

Beyond  the  range  of  the  trade  winds,  variable  winds  in  general  pre- 
vail. Though  between  the  two  tber^  is  a  zone  from  !2  to  6  degrees  in 
breadth,  subject  to  the  occurrence  of  dead  calms,  or  sudden  and  vio- 
lent tempests,  caused  apparently  by  the  confluence  of  ascending  and 
descending  currents,  between  which  there  may  sometimes  be  an  equi- 
poise, and  at  others  rapid  alternations  of  influence. 

The  Monsoons  are  periodical  winds,  blowing  about  six  months  in 
one  direction,  and  six  months  in  a  contrary  direction.  From  10^  to 
23<*  S.  latitude,  in  the  Indian  Ocean,  the  southern  trade  wind  con- 
tinues regularly  from  the  east  and  soutii-east ;  but  between  lO*'  S.  and 
the  equator,  north-west  winds  prevail  from  October  to  April,  and 
south-west  the  rest  of  the  year ;  while  north  of  the  equator,  the  wind 
is  south-west  in  summer,  and  north-east  in  winter.  These  variations 
appear  to  be  partly  owing  to  the  position  of  the  sun,  and  partly  to  the 
directions  of  the  great  chains  of  mountains  in  the  countries  bordering 
on  the  seas  oirer  which  the  monsoons  prevail. 

Sea  and  Land  Breezes  are  owing  to  the  same  grand  cause  that  pro- 
duces the  trade  winds.  In  the  day,  when  the  reflection  of  the  sun's 
rays  from  the  surface  of  the  earth  has  heated  the  superincumbent  air, 
it  rises ;  and  on  the  sea-coast,  currents  of  cooler  and  denser  air  flow  in 
from  above  the  sea,  to  replace  the  ascending  mass.  At  night  the  con- 
verse process  takes  place :  the  air  over  the  land  being  then  the  coolest, 
the  night  breeze  sets  seaward,  in  general  exteudlng  two  or  three 
leagues  from  the  shore. 

A  diversity  of  local  winds  has  been  observed  in'  different  parts  of 
the  world,  some  of  which  have  their  peculiar  designations.  The  Ete- 
sian  is  a  northernly  or  north-easterly  wind,  which  prevails  very  much 
in  summer  all  over  Europe.  Pliny  the  Elder  describes  it  as  occur- 
ring regularly  in  Italy  for  forty  days  after  the  summer  solstice.  It  is 
probably  a  part  of  the  great  under  current  moving  from  the  north  pole 
to  the  equator.  The  Sirocco,  felt  on  the  shores  of  the  Mediterranean, 
is  a  hot  blast  from  the  south,  prejudicial  to  the  health  of  animals.  Such 
aUo  is  the  Harmattan,  a  warm,  dry,  east  wind,  which  is  perceived  pn 

*  Dr.  Dalton's  Meteorological  Observatioos  and  Essays,  essay  U, 
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the  Guinea  ooeet.  The  more  deadly  Kamsio,  which  ooeors  ia  Egypt; 
and  the  Simoom,  or  Samyel  of  the  Arabs,  a  destroying  wind,  wi»ick 
is  said  to  have  proved  fatal  to  whole  caravans  in  erossing  the  deserte, 
are  supposed  to  owe  their  properties  to  some  pestilential  vapours  mixed 
with  toe  air. 

Tempests,  hurricanes,  and  tornados,  are  atmospheric  commotions  of 
the  more  violent  kind,  chiefly  taking  place  in  intertropical  latitudes. 
The  destructive  effects  and  extraordinary  force  of  these  concussions  of 
the  air,  may  be  conceived  from  the  statement  which  has  been  pre- 
viously given  of  some  of  the  phenomena  of  a  hurricane  in  Guade- 
loupe.* 

Whirlwinds,  trombes,  or  Sjrphons,  are  gyratory  or  vortical  movements 
of  the  air,  which  have  been  attributed  with  some  probability  to  the 
influence  of  electricity.  They  are  conGned  to  no  country  or  ^liiw^it^ ; 
and  occur  at  sea  as  well  as  on  land.  In  fertile  regions  strong  trees 
and  buildings  are  sometimes  torn  up  by  the  impetuous  force  of  whiri- 
winds  ;  in  Uie  deserts  of  Africa  they  produce  moving  pillars  of  sand, 
such  as  are  picturesquely  described  by  the  celebrated  traveller  Bruce ; 
and  at  sea  they  appear  in  the  form  of  waterspouts. 

**  The  relative  velocity  of  winds,"  says  Dr.  Dalton,  "  m.ay  be  best 
ascertained  by  finding  the  relative  velocity  of  the  clouds,  which  in  all 
probability  is  nearly  the  same  as  that  of  the  winds.  The  velocity  of  s 
cloud  is  equal  to  that  of  its  shadow  upon  the  ground,  which  in  h^ 
winds  is  sometimes  a  mile  in  a  minute,  or  sixty  miles  an  bobr  ^  and  a 
brisk  gale  will  travel  at  the  rate  of  twenty. or  thirty  miles  an  hour."  t 
The  velocity  of  hurricanes  has  been  variously  estimated  at  firom  100  to 
300  feet  in  a  second,  f 


HYGROMETAY. 

Many  meteorological  phenomena  depend  on  the  presence  of  water 
as  a  constituent  part  of  the  atmosphere.  The  volatiliBation  and  ascent 
of  the  aqueous  fluid,  continually  taking  place  from  the  surface-  of  th« 

*  See  Treatise  on  Geology,  p.  335. 
t  Meteorologrical  Observations  and  Essays,  p.  90. 

t  See  LamoOToux  G^ographie  Physique,  p.  108,  for  a  table  of  the  rclatiw 
veiociues  of  winds. 
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earth,  produces  fog^,  mists,  and  doads ;  and  the  corresponding  pro- 
cesses of  condensation  and  precipitation  cause  the  fonnation  of  rain, 
snow,  dew,  and  hoar-frost. 

Moisture  is  found  in  the  atmosphere,  either  in  the  state  of  in- 
visible vapour,  or  in  the  form  of  minute  globules,  collected  in  masses 
of  varying  dimensions,  from  the  miniature  clouds  that  ascend  from  a 
basin  of  hot  water,  or  hover  above  the  surface  of  a  small  pond  in  an 
autumnal  morning,  to  those  vast  fields  of  mist  or  haze  that  sometimes 
cover  a  wide  tract  of  country.  These  collections  of  aqueous  spherules, 
when  they  ascend  to  a  certain  height,  constitute  the  different  configu- 
rations of  clouds ;  but  the  transition  of  aerial  vapour  from  the  visible 
to  the  invisible  state  is  perpetually  taking  place ;  as  also  is  the  con- 
verse change  of  invisible  vapour  mto  cloud.  The  quantity  of  moisture 
in  the  atmosphere  is  thus  continually  varying,*  its  increase  or  decrease 
depending  much  on  alternations  of  heat  and  cold.  The  air,  however, 
is  nerer  perfectly  drj,  or  quite  deprived  of  water,  even  at  the  lowest 
possible  temperature.  According  to  Professor  Leslie,  "  Air,  at  the 
freezing  point,  is  capable  of  holding  a  portion  of  moisture  equal  to  the 
160th  part  of  its  own  weight ;  at  the  temperature  of  59^,  the  80th 
part ;  at  that  of  86^,  the  40th  part ;  at  lld^*,  the  20th  part ;  and  at  that 
of  14!fy*f  the  10th  part :  so  that  the  air  has  its  dryness  doubled  at  each 
rise  of  temperature  answering  to  27^  of  Fahrenheit.  While  the  tem* 
perature,  therefore,  advances  uniformly  in  arithmetical  progression, 
the  dissolving  power  which  this  communicates  to  the  air  mounts  with 
the  accelerating  rapidity  of  a  geometrical  series."  f 

In  tracing  Uie  causes  of  meteorological  phenomena,  it  must  ob- 
viously be  a  point  of  importance  to  ascertain  the  hygrometric  state  of 
the  atmosphere  within  a  given  space,  or  the  quantity  of  insensible 
moisture  which  a  portion  of  air  contains.  The  barometer  indicates  the 
total  weight  of  an  aerial  column,  depending  partly  on  the  invisible 
▼apour  which  enters  into  the  composition  of  the  lower  strata ;  but  in 
order  to  discover  the  relative  amount  of  that  vapour,  various  circum- 

*  "  Hie  atmosphere  to  not  of  uniform  composittan ;  the  quantity  of  aqueous 
yi^^ur,  one  of  its  component  parts,  varies  almost  every  hour  of  the  day.  It 
is  sut^ect  to  sudden  increase,  and  as  sudden  diminution ;  and,  in  its  ascent  to 
higher  regions,  follows  a  very  different  law  from  that  of  the  permanent  dastlc 
fluids.**— Daniell,  in  Brande's  Journal  ofSeitnce,  vol.  viii.  p.  3t4. 

t  Essays  cm  Heat  and  Moisture. 
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Stances  must  be  taken  into  consideration,  especially  temperattire  and 
topical  elevation.  Hence  more  direct  means  are  requisite  to  detei^ 
mine  the  proportion  of  moisture  in  the  atmosphere ;  and  for  that  pur* 
pose  %  great  number  of  instruments  have  been  invented,  styled  Ujrgio- 
Boopes  or  Hygrometers. 

A  very  simple  apparatus  may  suffice  to  show  the  existence  of  water 
in  the  atmosphere.     Many  substances  are  naturally  so  far  hygroscopic 
that  their  weight  is  sensibly  influenced  by  the  state  of  the  air.     To- 
bacco, sponge,  salt,  sugar,  and  other  porous  substances,  imbibe  mois- 
ture from  a  damp  atmosphere,  and  consequently  become  relatively 
heavier  than  when  the  air  is  in  a  dry  state.    Sulphuric  acid,  potash, 
and  muriate  of  lime,  each  powerfully  attract  water  from  the  air  when 
exposed  to  it,  in   almost   any  situation.     Fibrous  bodies,   as   hair 
and  thread,  become  contorted  and  shortened  longitudinally  through 
their  disposition  to  absorb  atmospheric  moisture.    As  the  degrees  of 
contraction  which  these  bodies  undei^o  admit  of  measurement,  they 
have  been  very  generally  employed  in  the  construction  of  hygrometers. 
M.  de  Saussure  invented  an  instrument  of  this  kind,  which  has  been 
most  extensively  used  in    meteorological  researches.      It    consists 
of  a  hair  (rendered  more' susceptible  of  the  influence  of  moisturs  by 
steeping  it  in  a  weak  solution  of  potash) ,  fixed  at  one  extremity,  and 
after  being  passed  round  a  pulley,  kept  extended  by  a  small  weagfat  at 
the  other  extremity.    On  the  axis  of  the  pulley  an  index,  moving:  over 
a  graduated  arc  of  a  circle,  indicates  the  sJtemate  contraction  of  length 
from  absorption  of  moisture,  and  elongation  from  its  evaporation  ;  and 
thus  affords,  to  a  certain  extent,  a  measure  of  the  relative  quantity  of 
aerial  vapour  at  different  periods.     De  Saussure  adopted  some  inge- 
nious methods  to  determine  the  points  of  extreme  moisture  and  ex- 
treme dryness  for  the  scale  of  his  hygrometer.     He  obtained  the  latter 
point  by  exposing  the  instrument  under  a  bell-glass,  within  whic^  the 
air  had  been  as  far  as  possible  deprived  of  humidity,  by  means  of  cob> 
centrated  sulphuric  acid,  or  calcined  muriate  of  lime  (chloride  of  cal- 
cium) ;  and  the  former,  by  placing  it  under  a  glass,  the  sides  of  which 
were  wetted  with  distilled  water,  and  standing  over  water.     In  ^te, 
however,  of  the  utmost  precaution  in  the  construction  of  these  hygro- 
me^rs,  it  has  been  found  impossible  to  obtain  two  instruments  that 
exactly  correspond  in  their  indications ;  nor  will  the  hyg^rosoopic 
power  of  an  individual  instrument  remain  long  onaltered.    J£  tbesa 
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defects  could  be  avoided,  De  Saussure's  hygrometer  would  only  afford 
the  means  of  comparizig  different  degrees  of  humidity.  "  We  might 
ascertain  from  it  that  the  humidity  of  the  air  was  at  60,  80,  or  100 
degrees;  but  we  should  learn  nothing  concerning  the  elastic  force 
of  the  vapour  contained  in  that  air,  and  consequently  should  be  unable 
to  resolve  the  fundamental  question  which  involves  the  grand  object 
of  hygrometry.  For  that  purpose,  it  is  necessary  to  determine  what  is 
the  elastic  force  of  the  vapour  which  con esponds  with  each  of  the 
degrees  of  the  hair  hygrometer,  and  this  determination  is  very  diffi- 
cult :  because,  for  example,  if  the  hygrometer  marks  80^  of  humidity 
when  the  temperature  is  at  zero,  and  QO^  of  humidity  also  when  the 
temperature  is  at  30°,  the  corresponding  elastic  forces  of  this  identical 
indication  of  the  instrument  cannot  be  equal.  Hence  further  researches 
become  requisite ;  and  M.  Gay-Lussac  calculated  what  were  the  elastic 
forces  of  the  vapour  corresponding  to  different  degrees  of  the  hair 
thermometer  for  a  given  temperature,  fixing  on  that  of  10°.  He  found 
that  when  the  hygrometer  marks  100°,  the  eUstic  force  is  at  its  maxi- 
mum, or  9.5  millimetres ;  at  60°  the  elastic  force  is  reduced  to  ^ ;  and 
at  30°  to  y.  Professor  Pouillet  remarks,  that  notwithstanding  the  im- 
portant assistance  afforded  by  the  labours  of  M.  Gay-Lussac,  the  hair 
hygrometer  can  but  yield  approximative  estimates  of  the  elastic  force 
of  the  vapour  contained  in  air,  because  the  instrument  is  irregular  in 
its  indications,  and  liable  to  error.*  It  is,  however,  probably  the  least 
inaccurate  of  those  hygrometers  whose  action  depends  on  the  change 
of  dimensions  in  bodies,  owing  to  their  absorption  of  vapour;  and  as  it 
has  been  very  extensively  employed  by  men  of  science  in  making 
meteorological  observations,  some  notice  of  it  seemed  to  be  required. 

Hygrometers  of  the  kind  just  described  can  at  best  supply  only  a 
part  of  the  information  requisite  towards  determining  the  state  of  the 
atmosphere  with  respect  to  its  aqueous  contents.  '1  he  quantity  of  in- 
visible vapour  in  any  mass  of  air  must  depend  on  the  elastic  force  of 
the  vapour,  or  its  disposition  to  retain  a  gaseous  form,  and  that  again 
will  be  chiefly  influenced  by  temperature.  The  precise  object  of  by. 
grometry,  then,  should  be  to  determine  how  much  moisture  the  atmo- 
sphere, or  a  given  portion  of  it,  may  contain  at  a  certain  temperature. 
This  may  be  effected  by  ascertaining  at  what  tbermometrical  degree  a 

*  Pouillet  El«m.  de  Ph,jB,  ct  M^t^rol.,  torn.  ii.  pp.  737—741. 
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body  of  air  begins  to  deposit  its  moisture,  or  form  dew ;  and  its  ton- 

{(eratare  also  being  known,  its  quantity  of  moisture  may  be  caleu- 
ated.  The  degree  of  temperature  at  which  moisture  begins  to  be 
precipitated  is  termed  the  diw-point,*  The  manner  in  which  it  yaiiei 
relatiyely  to  the  state  of  the  atmosphere  as  to  heat  and  moistnie,  is 
well  illustrated  by  one  of  Mr.  Daniells  experiments.  **  The  temper- 
ature of  a  room  being  45^,  I  found  the  point  of  condensation  in  it  to 
be  39^.  A  fire  was  lighted,  the  door  and  windows  carefully  shut,  and 
no  one  allowed  to  enter.  The  thermometer  rose  to  56^,  but  the  point 
of  condensation  remained  the  same.  A  party  of  eight  persons  after* 
wards  occupied  the  room  for  sereral  hours,  and  the  fire  was  kept  up. 
The  temperature  increased  to  58^,  and  the  point  of  condensatioa  rose 

to5««."t 

Among  the  instruments  that  hare  been  inrented  to  ascertun  1)m 
hygprometric  state  of  the  atmosphere  with  relation  to  its  tempeistQrs 
may  be  mentioned  the  hygrometers  of  Professor  Daniell  and  of  Pio- 
feasor  Pouillet.  Both  consist  of  apparatus  adapted  to  show  the  tern- 
perature  of  a  body  on  the  surface  of  which  dew  begins  to  form,  and 
which  may  be  compared  with  that  of  the  air  from  which  it  is  prenpi- 
tated.^ 

*  Dr.  Dalton  was,  perhaps,  the  first  English  philosopher  who  pointed  crat 
ttie  importance  of  the  dew-point,  as  a  hygroscopical  phenomenon,  in.  a  aeries 
of  Essays  published  in  the  Manchester  Transactions,  vol.  v.  First  Series.  Bat 
a  kind  of  hygrometer  involving  this  principle  was  long  previously  inTentsA 
by  an  ingenious  Frenchman.  **  M.  le  Roy  prescrivoit,'.pour  moyen  liygio- 
metrique,  de  tenir  dans  l*air  un  verre  plein  d'eau,  et  dont  la  temperature  fit 
la  mdme  que  celle  de  Pair ;  de  refiroidir  lentement  cette  eau  par  une  addiCiaB 
gradu^^e  et  successive  d'eau  k  la  glace,  et  de  noter  le  degr^  de  firoid  anqisd  oa 
commenceroit  k  voir  k  la  surface  du  vene  cette  l^gere  roste  qui  indiane  la 
precipitation  des  vapeurs,  et  par  consequent  la  supersaturation  de  l*air  con- 
tigu  au  verre.  II  jugeoit  Tair  d'autant  moins  humide,  qu'il  fialloit  un  de{i« 
de  firoid  plus  considerable  pour  operer  cette  precipitation.'* — Sigmm^  de  Is 
J^md  £lfya.  de  Physique,  torn.  iii.  p.  854.  Y .  Le  Roy  Sssais  sor  1*] 
trie,  p.  57. 

t  Brande*s  Journal  of  Science,  vol.  viii.  p.  321. 

t  For  a  descriptive  account  of  DanieU's  hygrometer,  see  papers  In 

Joomal  of  Science,  vol.  viii.  p.  300 }  and  Met.  Essays  and  Obs.  Povdllersii^ 
gromitre  4  Capsule  is  described  in  his  Elem.  de  Phya.  et  de  M^tteroloti^ 
torn.  ii.  p.  733 :  and  some  others,  constructed  on  similar  principles,  are  »»> 
need  by  Mr.  Forbes,  in  Report  of  British  Assodstion  for  18S9. 
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Since  the  condensation  of  aerial  yaponr  depends  on  the  temperatare 
of  the  atmosphere,  it  is  manifest  that  it  may  exist  in  a  much  larger 
proportion  in  warm  climates  than  in  those  that  are  colder.  Thus  the 
air  in  oar  cloudy  climate  is  upon  the  whole  less  loaded  with  moisture 
than  that  heneath  the  clear  sky  of  southern  countries ;  and  conse- 
quently more  rain  generally  falls  during  a  year  at  Naples  than  in 
London,  and  more  at  Calcutta  than  at  Naples.  At  the  equator  the 
air,  relatirely  to  its  temperatare,  contains  less  moisture  than  in  the 
temperate  zone,  though  the  actual  amount  of  moisture  is  larger.  That  is, 
the  air,  near  the  surface  of  the  earth,  under  the  Une,  has  a  greater  capa- 
city for  moisture  than  air  at  the  same  height  in  colder  regions ;  but  in  the 
latter,  the  actual  quantity  (though  sm^er  in  a  given  bulk  of  air),  ap- 
proaches more  nearly  to  the  point  of  saturation,  without  any  where 
reaching  that  point;  for  when  it  does,  precipitation  takes  place. 
"  Hence,  at  the  equator,  the  air  immediately  incumbent  on  the  earth's 
surface  must  be  comparatirely  very  dry.  Moreover,  the  cause  which 
produces  the  dryness  of  the  equatorial  air,  at  the  earth's  surface,  must 
all  over  the  globe  exert  diflferent  degrees  of  the  same  influence.  The  air 
every  where  incumbent  on  the  earth's  surface  must,  therefore,  always 
be  under  the  point  of  saturation ;  the  relative  degree  of  dryness  being 
highest  under  the  equator,  and  gradually  diminishing  as  we  recede 
north  or  south  toward  the  poles."* 

Clouds  consist  of  visible  vapour,  or  meteoric  moisture  in  the  inter- 
mediate state  between  invisible  vapour  and  palpable  liquid.  Their 
formation  appears  to  be  the  result  of^the  imperfect  condensation  of  in- 
visible vapour,  from  the  intermixture  of  strata  of  air  at  different  tem- 
peratures. Evaporation  is  perpetually  taking  place  from  the  surface  of 
the  earth,  not  alone  from  seas,  lakes,  and  rivers,  but  in  some  degree 
from  the  hard  rock  or  the  frozen  soil,  t  The  watery  exhalations  are 
usually  imperceptible,  unless  when  a  rapid  change  of  temperature 
occurs,  as  on  a  sudden  thaw  after  a  hard  trost,  when  the  damp  earth 
and  the  waters  throw  off  abundance  of  reeking  vapour.    At  other 

«  Dr.  Proufs  Chemistry,  Meteorology,  ftc,  p.  S87. 
t  See  Book  of  Sdence,  pt.  i.  p.  SM|  sd  edition,  p.  nS. 
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times,  the  transfer  of  the  aqueous  fluid  from  the  earth  to  the  atmo- 
sphere, though  not  interrupted,  is  less  distinctly  ohservable.  "  During 
tbe'heat  of  tibe  day  it  rises  from  the  surface  of  the  land  and  waters, 
and  reaches  its  point  of  condensation  in  greater  or  less  quantities  at 
different  altitudes.     Partial  clouds  are  formed  in  different  parallel 
planes,  which  always  maintain  their  relative  distances.     The  denser 
forms  of  the  lower  strata,  as  they  float  along  with  the  wind,  show  that 
the  greater  abundance  of  precipitation  has  been  at  the  first  point  of 
deposition,  while  the  feathery  shapes  and  lighter  texture  of  the  upper 
attest  a  rarer  atmosphere.     These '  clouds  do  not  increase  beyond  a 
certain  point,  and  often  remain  stationary  in  quantity  and  figure  for 
many  hours  ;  but  as  the  heat  declines,  they  gradually  melt  away,  till 
at  length,  when  the  sun  has  sunk  below  the  horizon,  the  ether  is  un- 
spotted and  transparent.     The  stars  shine  through  the  night  with  im- 
dimmed  lustre,  and  tlie  sun  rises  in  the  morning  in  his  brightest 
splendour.    The  clouds  again  begin  to  form,  increase  to   a  certain 
limit,  and  vanish  with  the  evening  shades.   This  gradation  of  changes, 
which  we  see  so  often  repeated  in  our  finest  seasons,  may  at  first  seem 
contrary  to  the  true  principles ;  and  the  precipitations  which  occur 
with  tlie  increaM  of  temperature  and  disappear  with  its  decline ^  naav, 
without  reflection,  be  regarded  as  diametrically  opposite  to  correct 
theory.     But  a  little  consideration  will  show  tnat  such  conclusions 
would  be  untrue.     The  vapour  rises,  and  is  condensed  ;  but  in  its 
descent  falls  into  a  warmer  air,  where  it  is  again  evaporated,  and  be- 
comes invisible  ;  and  as  the  quantity  of  evaporation  from  the  surface  of 
the  earth  is  exactly  equal  to  supply  this  process  above,  the  cloud 
neither  augments  nor  decreases.     When  the  sun  declines,  the  ^itmnd 
cools  more  rapidly  than  the  air;  evaporation  decreases,  but  the  disso- 
lution of  the  cloud  continues.     The  supply  at  length  totally  ceases, 
and  the  cloud  subsides  completely  away.     The  morning  sun   veTives 
the  exhalations  of  the  earth,  the  process  of  their  condensation  and  coo* 
sequent  cloudlike  form  commences,  and  they  again  undergo  the  same 
series  of  chan ges. '  '* 

Clouds  differ  from  fogs  only  in  their  superior  elevation  above  ^ 
surface  of  the  earth.  **  They  are  seldom  a  mile  high  in  our  climate  in 
winter ;  in  summer  they  may  perhaps  occasionally  he  two   or  three 

*  Daniell's  Meteorological  Essays  and  Observations,  pp.  ]s«,  iss. 
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miles  bigh.  The  thickness  of  a  stratum  of  clouds,  or  distance  from 
the  under  to  the  upper  surface,  is  also  variable,  from  a  few  jrards  to 
three  or  four  hundred  or  more.  A  stratum  of  cloud  of  greater  depth 
is  probably  of  rare  occurrence  any  where :  it  would  produce  a  greater 
degree  of  aarkness  on  the  earth's  surface  than  is  ever  observed."* 

Different  opinions  have  been  proposed  as  to  the  constitution  of 
clouds.  They  are  usually  regarded  as  consisting  of  little  vesicles  of 
water  filled  with  humid  air.  f  As  to  the  cause  of  their  ascent  or  sus- 
pension in  the  atmosphere,  M.  Gay-Lussac  refers  it  to  the  impulsion 
of  ascending  currents,  owing  to  the  difference  of  temperature  between 
the  surfiice  of  the  earth  and  that  of  the  upper  air ;  while  M.  Fresnel 
supposed  that  the  solar  heat  absorbed  by  clouds,  formed  groups  of 
miniature  Montgofieres,  which  rise  to  heights  depending  on  their  excess 
of  temperature  above  that  of  the  air.  Dr.  Dalton  has  advanced  a  dif- 
ferent hypothesis,  considering  clouds  as  being  composed  of  water  only, 
in  a  state  of  extreme  division.  He  says,  "  When  a  precipitation  of 
vapour  takes  place,  a  multitude  of  exceedingly  small  drops  form  a 
cloud,  mist,  or  fog :  these  drops,  though  eight  hundred  times  denser 
than  the  air,  at  first  descend  very  slowly,  owing  to  the  resistance  of 
the  air,  which  produces  a  greater  effect  as  the  drops  are  smaller."  X 
This  last  view  of  the  nature  of  clouds  has  been  recently  brought  for- 
ward by  Professor  Sterelly,  of  Belfast,  at  the  Edinburgh  meeting  of 
the  British  Association.  He  alleged  that  clouds  were  assemblages  of 
spherules  of  water,  the  production  of  which  might  be  accounted  for  by 
the  laws  of  capillary  attraction ;  and  he  very  justly  remarked,  that  not- 
withstanding their  actual  specific  gravity  compared  with  that  of  air, 
•«  the  minute  sixe  of  the  cloudy  spherules  would  alone  be  sufficient 
practically  to  suspend  them,  as  even  gold  and  platina  may  be  so  sub- 
divided, as  to  descend  with  less  than  any  assignable  velocity.*' $ 

*  Dr.  DaltoD*s  Meteorolog.  ObservatlonB  and  Essays,  App.  to  %A  edit.  Note 
[A.]  The  leqael  <rf  this  note  contains  an  iostriictive  account  of  phenomena 
relatine  to  donds,  observed  daring  excursions  among  the  mountains  of  Cum- 
beriand  and  Westmorland. 

t  "On  admet,  en  rtodral,  que  les  vapeurs  qui  constituent  les  noages  sent 
des  vapeurs  vdslculairet,  c*est  k  dire,  des  sraas  de  petits  globules  remplis 
d'air  humide,  toat-ik^ftiit  analogues  aux  bolles  de  savon." — PouiUet  EUm,  dg 
JPhys.  et  de  MHtoroL,  torn.  il.  p.  763.  * 

t  Meteorological  Observations  and  Essays,  p.  184. 

S  Report  of  Frof.  SteveUy*s  Observation^  in  Athen«um  for  Sept.  27, 1884, 
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Either  of  these  theories  may  be  employed  to  account  for  the  pheno- 
mena ;  but  as  Professor  PouiUet  remarks,  "  We  at  present  do  not  pos- 
sess sufficient  data  concerning  the  real  constitution  of  clouds,  and  the 
properties  of  the  vapours  or  the  different  elements  which  compose 
them,  on  which  to  ground  a  satisfactory  explanation  of  their  various 
appearances/'* 


MODinCATIONS   OF   CLOUDS. 

The  ever-changing  varieties  of  form  which  clouds  exhibit  to  the  eye 
of  the  observer,  seem  to  bid  defiance  to  all  attempts  at  classification. 
The  task,  however,  has  been  undertaken  by  Mr.  Luke  Howard,  who, 
after  a  long  series  of  meteorological  researches,  formed  a  systematic 
arrangement  of  clouds,  distinguishing  them  by  names  characteristic  of 
their  general  structure  and  mode  of  production.  The  classification 
and  terminology  proposed  by  this  ingenious  philosopher  have  since 
been  adopted  by  many  writers  both  at  home  and  on  the  continent ;  and 
Mr.  Howard  himself,  after  eighteen  years'  experience,  thus  states  his 
confidence  in  the  propriety  of  his  method.  "  I  do  not  find  a  necessity 
either  to  make  additions  to  this  little  system,  or  to  retrench  any  of  its 
parts.  Some  subordinate  distinctions  may,  indeed,  at  a  future  period 
be  found  useful ;  but  until  the  classification,  as  it  is,  be  generally 
adopted,  its  simplicity  must  form  its  most  powerful  recommendatioii, 
and  its  conformity  to  nature.  It  is  in  the  form  and  structure,  care- 
'  fully  considered  with  due  reference  to  situation,  that  the  observer  wfll 
find  the  basis  of  a  correct  judgment ;  and  he  will  do  well  to  ifrait,  at 
first,  for  several  successive  appearances  of  each  modification,  to  wl^eh 
he  will  thus  at  length  find  the  definition  apply  in  all  its  parts.^t 

The  modifications  of  clouds  are  distinguished  into  three  principal  and 
distinct  formations,  and  four  composite  kinds,  which,  together  with  some 
varieties,  are  represented  in  the  accompanying  plate.  The  simple  fonas 
are  the  Cimts,  in  which  the  vapours  have  the  appearance  of  loose,  narrow 
bands  of  parallel  or  diverging  feathery  fibres ;  the  Cumulus,  esdiibiting 
heaped  masses  of  a  globular  or  conictd  shape ;  and  the  Stratus,  forming 

*  El^.  de  Phys.  et  de  M^ttorol.,  torn.  ii.  p.  754. 

t  The  Climate  of  London  deduced  from  Meteorological  Observations,  p.  I. 
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extended  level  sbeets  of  cloud.  Tbe  composite  clouds  are  the  Cirro- 
cumulus,  consisting  of  collections  of  small  but  well-defined  orbicular 
masses,  or  little  cumuli ;  tbe  CirrO'Stratus,  in  horizontal  or  somewhat 
oblique  sheets,  having  a  light,  fibrous  appearance  above,  and  a  con- 
cave or  undulated  surfoce  below ;  the  Cumulo-stratus,  generally  flat- 
tened at  the  base,  and  heaped  above  with  overhanging  protuberances ; 
and  tbe  Nimbus,  composed  of  dense  continuous  masses,  forming  a 
canopy  of  vapour  dissolving  below  into  rain. 

Dr.  Thomas  Forster,  who  has  long  been  an  indastrious  observer  of 
atmospheric  phenomena,  and  has  distinguished  himself  by  his  writings 
on  meteorology,  has  adopted  Mr.  Howard's  system,  which  he  has  en- 
deavoured to  fiuniliarize  by  the  addition  of  English  names  for  the 
several  modifications  of  clouds.  To  the  statement  of  these  terms  may 
be  properly  added  a  few  notices  of  the  modes  of  formation  of  the  dif- 
ferent varieties,  and  of  the  inferences  that  may  be  drawn  from  their 
appearance  relative  to  changes  of  weather. 

Cirrus,  or  Curlcloud.  (See  Plate,  Jig.  1,  2.) — This  modification 
with  its  varieties  may  be  distinguished  by  its  fleecy  lightness,  fibrous 
structure,  and  instability  of  form  ;  seldom  long  preserving  the  same 
appearance.  It  commonly  occupies  the  higher  regions  of  the  air.  In 
variable  and  warm  weather,  with  gentle  breezes  in  summer,  long  ob- 
liquely descending  bands  of  cirri  are  sometimes  seen  connecting 
masses  of  other  modifications,  previously  to  rain.  After  a  continuance 
of  fine  clear  weather,  the  cirrus  may  be  observed  crossing  the  sky  at  a 
grreat  height,  like  a  white  thread,  the  extremities  of  which  seem  lost 
in  the  horizon.  This  is  called  the  LtTiear  Cirrtu  (Jig,  1).  When 
several  of  these  long  clouds  are  connected  by  transverse  or  oblique 
processes,  they  have  been  termed,  from  their  netlike  arrangement, 
Reticular  Cirri.  The  most  usual  form  of  the  cirrus  is  that  called  the 
Camoid,  or  MareU-tail  Cirrus  (Jig.  2),  which  commonly  occurs  in  vari- 
able weather,  indicating  the  approach  of  wind  or  rain.  When  care- 
fully observed,  the  cirri  will  be  found  to  exhibit  signs  of  internal  com- 
motion, without  any  change  of  place ;  though  sometimes  the  fibres 
seem  to  wave  gently  to  and  fro.  This  happens  most  frequently  in 
those  large  and  lofty  cirri,  with  rounded  heads  and  long  pointed  tails, 
which  are  common  in  summer  and  autumn  during  the  prevalence  of 
dry  easterly  winds. 

CvNULirs,  or  Stackekci^ovo  (Jig,  7).'^This  cloud  is  readily  distin- 
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gaished  by  its  irregularly  hemispherical  figure,  having  generallj-  a 
level  base.  It  is  producea  bj  the  gathering  of  detached  masses,  which 
then  appear  stacked  or  piled  togetlier.  Its  formation  may  be  most  ad- 
vantageously traced  in  fine  settled  weather.  About  sunrise,  small, 
thinly* scattered  specks  of  cloud  may  be  perceived ;  which,  as  the  sun 
ascends,  increase  in  bulk,  coalesce,  and  at  length  form  the  complete 
j  cumulus.     It  has  been  termed  the  cloud  of  day,  as  it  generally  dis- 

I  solves  in  the  evening,  separating  first  into  small  fragments,  and  re-^ 

i  tracing  the  steps  of  its  formation  in  a  reversed  order.    The  more  r^u- 

'  larly-rounded  cumuli,  of  a  whitish  colour,  which  reflect  a  bright  silvery 

i  light  when  opposite  the  sun,  are  the  harbingers  of  fine  weather ;  but 

1  those  of  a  more  indeterminate  figure,  with  a  dark  hue  and  izr^;xdar 

I  fleecy  protuberances,  prognosticate  rain. 

Stratus,  or  Fallcloud. — The  stratus  is  nothing  more  than  that  bed 
'^  of  vapour  which  covers  the  surface  of  the  earth  during  the  absence  of 

;•  the  suD,  or  when  its  rays  are  impeded,  sometimes  creeping  as  a  miat 

I  over  the  valleys  and  low  lands,  and  disappearing  soon  after  sunrise ; 

|i  and  at  others,  hovering  in  the  shape  of  a  dingy  fog,  at  a  small  eleva- 

tion in  the  air,  during  one  or  perhaps  several  days.     In  its  usual  form 
\  of  a  summer-evening  mist,  it  owes  its  origin  to  the  nocturnal  depr^. 

sion  of  temperature  in  the  lower  region  of  the  atmosphere.  It  may  be 
observed  in  a  fine  evening,  after  a  hot  day,  when  the  cumuli  which 
have  prevailed  through  the  day  decrease,  that  a  white  haze  gradually 
forms  close  to  the  ground,  and  veils  its  surface.  About  midniglit  it 
attains  its  utmost  density,  and  disappears  towards  sunrise.  It  has 
hence  been  called  the  cloud  of  night.  In  autumn  the  longer  ccn- 
tinuance  of  this  cloud  marks  the  diminution  of  the  sun's  power.  But 
in  winter  it  sometimes  assumes  the  form  of  a  dense  fog,  shrouding  in 
dismal  darkness  every  object  on  the  earth,  especially  in  the  atmoqfihere 
of  large  cities ;  the  obscurity  being  augmented  by  the  intennixtoce  of 
smoke  with  the  watery  vapour.  In  January,  1814,  one  of  these  fogs 
pervaded  the  air  over  a  great  part  of  the  south  and  west  of  £n|[^and,  fat 
about  a  fortnight.  The  stratus  is  often  found  to  be  positively  electri* 
fied ;  and  hence  it  does  not  wet  objects  in  contact  with  it.  This  modi* 
fication  must  not  be  confounded  with  some  varieties  of  cinostratiis. 
which  resemble  it  in  appearance  ;  but  the  latter  wets  eveiy  thing  it 
touches,  and  thus  the  two  forms  may  be  distinguished. 

CiRRoct7HULUB,  Or  SoNDERCLouD  (Jig,  4). — ^Tho  name  of  this  cloud 
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indicates  its  sMnitj  to  two  of  the  priocipal  fbnns.  It  differs  from 
some  varieties  of  the  cirrostratus,  hy  the  superior  density  and  com- 
pactness of  its  component  nuheculs,  and  the  greater  diversity  of  ar- 
rangement. At  the  approach  of  thunder-storms  cirrostrati  appear  in 
masses  of  a  denser  structure,  more  rounded  shape,  and  in  closer  order 
than  at  other  times.  In  rainy,  changeable  weather,  these  clouds  have 
a  light  fleecy  texture,  and  variable  figure,  being  scarcely  to  be  dis- 
criminated firopi  cirrostrati.  In  summer  the  cirrocumulus  forebodes 
heat ;  and  in  winter,  the  breaking  up  of  frost,  and  approach  of  mild, 
wet  weather. 

Cirrostratus,  or  Wanecloud  ( /?g.  5,  6). — From  its  disposition 
to  rapid  alteration  of  figure  and  subsidence,  this  kind  of  cloud  has  de- 
rived its  English  appellation.  It  is  remarkable  for  its  shallow  depth 
relatively  Co  its  horizontal  extent ;  while  in  other  respects  it  is  con- 
stantly varying.  It  originates  more  frequently  from  the  cirrus  than 
from  any  other  modification ;  and  sometimes  after  descending  from  a 
higher  station,  and  assuming  its  characteristic  figure,  it  changes  again 
into  cirri ;  but  more  commonly  it  either  evaporates,  or  unites  with  some 
other  kind  of  cloud,  producing  cumulostratus,  nimbus,  and  then  falling 
in  rain.  Besides  its  common  appearance  as  a  long,  plain  streak  of 
doudf  tapering  towards  the  extremities  {fig^  5),  it  assumes  the  form 
of  the  Mottled  Cirrostratus  (fig,  6),  constituting  what  is  called  the 
roackerel-baok  sky  of  summer  evenings,  which  has  been  proverbially 
reckoned  a  sign  of  dry  weatlier.  The  Cymoid  Cirrus  (fig,  3)  is  ac- 
counted a  variety  of  the  cirrostratus.  It  is  composed  of  waving  bars 
or  streaks,  either  arranged  so  as  to  form  lines,  or  otherwise  disposed. 
It  is  said  to  be  a  sure  indication  of  approaching  storms.  Another 
variety  of  the  cirrostratus  is  that  large  shallow  veil  of  cloud  which 
occurs  especially  towards  night,  and  through  which  the  sun  and  moon 
appear  but  indistinctly.  Halos,  parhelia,  ficc,  usually  are  formed  by 
peculiar  refractions  of  the  light  of  those  bodies  in  this  variety  of  cload* 
It  betokens  rain  or  snow. 

Cumulostratus,  or  Twaincloud  (fig,  8). — This  modification  of 
cloud  is  produced  by  the  accumulation  of  other  kinds,  as  the  cirrus 
and  cumulus.  The  cumulus,  driven  by  the  wind,  becoming  retarded 
in  its  course,  grows  denser,  spreads  laterally,  and  swells  out  into  a 
dark,  irregular  mass.  Sometimes  a  number  of  cumuli  unite  at  the 
b«M,  fipom  whicli  heapt  of  vapour  rise  in  the  form  of  mountain  )«aks. 
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or  detaobed  roeks.  The  camolostrati,  which  gir6  birth  to  stoims  of 
hail  or  thander  and  lightning,  often  look  black  and  lowering,  especially 
before  the  shower  of  hail  or  rain  begins  to  fall.  Occasionally,  the 
clouds  of  this  modi6cation  evaporate,  or  die  mass  separates  into  cu> 
muli ;  but  more  commonly  their  appearance  is  followed  by  that  of  the 
nimbus,  producing  rain  or  snow. 

Nimbus,  or  Raincloud  (Jig.  9). — Any  of  the  other  modifications  of 
clouds  may  form  and  again  disperse,  or  become  evanescent ;  but  the 
nimbas  is  a  constant  precursor  of  a  storm.  It  may  be  best  observed 
when  showers  fall  at  a  distance,  and  the  nimbus  can  be  seen  in  pro- 
file. The  progress  of  its  formation  may  be  inferred  from  what  has 
been  just  described,  under  the  preceding  modification.  The  cnmulo- 
stratus  having  been  formed,  sometimes  goes  on  increasing  in  density 
till  the  whole  horizon  is  veiled  in  portentous  darkness.  Shortly  after 
which,  the  lowering  sky  assumes  a  grey  obscurity,  denoting  a  new 
arrangement  of  the  particles  of  vapour  in  the  cloudy  mass.  The  nim- 
bus is  then  formed,  and  rain  descends.  The  shower  continues  till 
the  nimbus  is  exhausted,  and  other  modifications  of  cloud  reappear : 
the  cirrus,  the  cirrostratus,  or  perhaps  the  cirrocumulus,  are  seen  aloft, 
floating  amidst  the  blue  sky ;  and  die  remaining  cumulus,  no  longer 
retarded,  sails  along  with  the  wind  nearer  the  surface  of  the  earth. 


Ratrtf  Snow,  and  Hail, 

The  immediate  cause  of  Rain  is  obviously  the  intermixture  of  masses 
of  air  whose  common  temperature  is  insufficient  to  keep  suspended 
their  joint  amount  of  moisture,  part  of  which  is  therefore  precipi- 
tated. Contending  currents  in  die  atmosphere  bring,  suddenly,  into 
mutual  contact  vast  fields  of  moist  air,  and  the  aqueous  particles 
coalescing  form  drops,  which,  if  the  temperature  is  above  the  freesing 
point,  descend  in  liquid  showers.  The  size  of  the  drops  of  rain  pro- 
bably depends  on  the  degree  of  rapidity  widi  which  condensation  uJces 
place ;  and  the  rate  at  which  they  descend  must  be  influenced  by  the 
relative  height  of  the  clouds,  the  action  of  the  wind,  and  their  own 
mi^nitude. 

The  mean  quantity  of  rain  that  falls  in  different  parts  of  the  world 
varies  considerably  according  to  local  oircomstances.    Among  these 


RAIN.  475 

are  temperature,  distance  from  the  sea,  and  position  with  respect  to 
mountain  chains.  According  to  Homboldt,  nearly  six  times  as  much 
rain  falls  at  the  equator  as  in  60^  N.  latitude.  But  in  the  tropical 
regions  the  rains,  though  yastlj*  more  abundant  than  in  cold  climates, 
are  much  less  frequent ;  and  in  the  former,  the  rains  are  periodical. 
Mountainous  tracts  are  visited  with  more  copious  and  frequent  showers 
in  general  than  plains ;  and  in  some  countries  little  or  no  rain  falls,  as 
in  Egypt,  the  fertility  of  which  depends  on  the  periodical  inundations 
of  the  Nile. 

It  has  been  repeatedly  remarked,  that  in  any  given  situation  the 
quantity  of  rain  is  greatest  at  the  least  elevation :  thus  more  might  be 
collected  within  an  area  13  inches  square  at  the  bottom  than  at  the  top 
of  a  high  tower,  all  other  circumstances  except  the  height  above  the 
ground  being  equal.  An  experimental  investigation  of  the  cause  of 
this  phenomenon  has  been  undertaken  by  Mr.  John  Phillips,  of  York, 
an  account  of  which  may  be  found  in  the  Reports  of  the  British  Asso- 
ciation for  1833.  The  hypothesis  which  he  proposes,  as  a  probable  in- 
ference from  the  result  of  his  researches,  is,  '*  that  the  whole  difference 
in  the  quantity  of  rain  at  different  heights  above  the  neighbouring 
ground,  is  caused  by  the  continual  augmentation  of  each  drop  of  rain 
from  the  commencement  to  the  end  of  the  descent,  as  it  traverses  suc- 
cessively the  humid  strata  of  air  of  a  temperature  so  much  lower  than 
that  of  tne  surrounding  medium  as  to  cause  the  deposition  of  moisture 
upon  its  surface."  Mr.  Phillips  purposes  to  pursue  the  inquiry,  with 
a  view  towards  the  completion  of^  the  theory  of  this  curious  subject, 
the  patient  investigation  of  which,  as  he  justly  remarks,  cannot  fail  to 
give  us  new  and  penetrating  views  into  the  coostitution  of  the  atmo- 
sphere.* 

When  the  temperature  of  the  region  of  the  air  in  which  the  resolu- 
tion of  the  cloudy  vapour  into  water  takes  place  happens  to  be  below 
the  fireexing  point,  the  globules  in  the  act  of  union  become  congealed 
into  needle-uiaped  or  spicular  crystals,  which  form  little  hexagons 
almost  infinitely  modified ;  and  these  again  combining  as  they  descend, 
produce  flakes  of  Snow,  Sometimes  the  firosen  masses  are  very  small, 
constitnting  SUet. 

If  the  globules  of  rain  are  completely  formed  before  congelation 

*  Report  of  British  Association  for  1889,  pp.  418^  418. 
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takes  place,  and  they  travene  in  tbeir  descent  a  stratam  of  dry  air  at 
a  Terv  low  temperature,  tbej  reach  the  ground  in  the  state  of  Hailm 
"  Hailstones  are  often  of  considerable  dimensions,  exceeding  some* 
times  the  length  of  an  inch.  They  may,  therefore,  fall  with  a  Telocity 
of  70  feet  per  second,  or  at  the  rate  of  about  50  miles  in  the  honr. 
Striking  the  ground  with  such  impetuous  force,  it  is  easy  to  coneeiTe 
the  extensive  iniury  which  a  hail-shower  may  occasion  in  the  hotter 
climates.  The  aestructiye  power  of  these  missiles,  in  stripping  and 
tearing  the  fruits  and  foliage,  increases  besides  in  a  faster  ratio  than 
the  momentum,  and  may  be  estimated  by  the  square  of  their  relom^ 
multiplied  into  their  mass.  This  fatal  energy  is  hence  the  fourth  power 
of  the  diameter  of  the  hailstone."* 

The  celebrated  Volta  ascribed  the  formation  of  hail  to  electricity, 
and  proposed  to  defend  tracts  of  country  from  hail-storms  by  rods  on 
the  principle  of  lightning  conductors.  These  hail-rods  or  paragr^les^ 
as  they  were  called,  were  tried  in  France  and  Switzerland,  bat  ap|»a- 
rently  with  little  adnuitBge. 

Dew,  Hoar-frost,  and  Ground-tce. 

The  precipitations  of  water  from  the  atmosphere,  already  deaciibed, 
depend  on  changes  of  temperature  in  the  air ;  but  there  are  others  fre- 
quently taking  place  in  consequence  of  depression  of  temperature  in 
solid  bodies.    lo  the  summer  season,  in  clear,  calm  nights,  the  sorface 
of  the  earth  and  growing  plants  are  found  at  sunrise  coyered  with 
globules  of  limpid  moisture,  so  that  the  trees  and  hedges  glitter  in  the 
first  rays  of  the  sun  as  if  they  were  hung  with  multitudes  of  hriUiant 
diamonds  or  transparent  pearls.  This  phenomenon,  so  often  descxibed 
by  poets  as  well  as  philosophers,  and  so  familiarly  known  to  all  who 
inhabit  the  country,  constitutes  Dew ;  which  in  some  situations  occurs 
BO  copiously  as  to  supply  the  want  of  rain.    The  circumstances  nnder 
which  it  is  precipitated  are  so  different  from  those  which  accompany 
the  separation  of  moisture  from  the  air  in  the  state  of  rain,  that  phi]o> 
sophers  were  long  at  a  loss  to  account  for  it.    Among  the  canaes 
assigned  for  its  production  one  of  the  most  plausible  was  electricity. 

«  Leslie  on  Heat  and  Moisture. 


Hoar  frost. 
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At  length,  however.  Dr.  W.  C.  Wells,  by  an  ingeniously- conducted 
series  of  experiments,  ascertained  that  dew  is  chiefly  owing  to  the 
radiation  of  heat  from  the  substances  on  which  it  is  deposited.  Hence 
it  is  that  dew  never  forms  during  nights  which  are  both  cloudy  and 
windy ;  and  if  in  the  course  of  a  night,  the  weather  from  being  serene 
should  become  dark  and  stormy,  the  dew  which  may  have  been  pro- 
duced will  disappear.  Grass,  leaves  of  vegetables,  or  other  bodies, 
mast  be  quite  exposed  to  the  sky  in  order  to  enable  them  to  receive 
dew ;  and  therefore  the  slightest  shelter  will  prevent  its  deposition  on 
the  covered  surface.  The  quantity  of  dew  must  necessarily  depend 
not  entirely  on  the  degree  of  radiation  at  any  one  time  and  place,  but 
also  on  the  amount  of  moisture  present  in  the  air.  Perfect  stillness  in 
the  atmosphere,  therefore,  is  not  always  so  favourable  to  the  deposi- 
tion as  gentle  motion  ;  by  means  of  which,  after  one  mass  of  air  has 
been  deprived  more  or  less  of  its  moisture,  by  contact  with  radiating 
bodies,  other  portions  of  air  from  which  it  has  not  been  separated  may 
be  successively  brought  near  to  those  bodies,  which  may  thus  receive 
repeated  deposits.  Any  considerable  agitation,  however,  approaching 
to  wind,  causes  the  precipitation  to  cease. 

These  and  many  other  circumstances  connected  with  the  occurrence 
of  dew  admit  of  a  complete  and  lucid  explanation,  by  referring  them 
to  the  property  of  radiation.  Light  fibrous  substances,  as  filaments  of 
gossamer,  wool,  thread,  cotton,  hair,  grass,  and  low  plants,  both  dead 
and  living,  are  among  the  best  radiators,  and  receive  dew  most  readily ; 
while  rocks,  bare  earth,  and  considerable  masses  of  water,  have  less 
disposition  to  part  with  their  heat  in  the  same  manner,  and  therefore 
remain  free  from  dew. 

Hoar-frott  is  merely  frozen  dew,  owing  either  to  powerful  radiation, 
when  the  atmosphere  itself  has  a  temperature  above  the  freezing 
point,  but  the  radiating  substances  part  with  their  heat  so  fast  as  to 
fall  below  it,  and  thus  the  moisture  freezes  on  them  as  soon  as  it  is  pre- 
cipitated :  or  the  congelation  may  be  accomplished  and  preserved  by  a 
depression  of  temperature  in  the  air  below  3^^  Fahrenheit.  Glass  is 
sn  excellent  radiator  of  heat ;  and  hence  it  often  receives  depositions 
of  boar-frost  in  winter,  incrusting  its  surface  sometimes  with  elegant 
Iro0t-work,  bearing  a  fancifiil  resemblance  to  trees  and  landscapes. 
Some  of  the  simpler  forms  of  hoar-frost  are  exhibited  in  the  following 
figures. 


IIBTEOKOLOOV'. 


The  tre«8  nid  badge*  also  in  the  cold  aeaaon  display  yst  more  beau- 
tiful aasemblages  of  anowj  cryatala,  the  compluated  figures  af  vrikich 
it  would  be  useless  to  ucsnipt  to  trace.  Hosi-fioat  in  tha  aprinr 
■ometimea  deatroya  the  buds  and  flowera  of  plants,  and  literellj  deprives 
the  ^rdaaer  of  tha  frnit  of  hta  labour.  It  had  been  lone  knovro  tbal 
tandet  regetsbles  and  opening  buds  might  be  piotected  from  its  depo- 
siiion  by  a  very  alight  ahelter  ;  but  it  is  only  since  tbe  diacoTen«*  of 
Dr.  W^B  hare  been  promulgated  that  tbe  manner  in  which  aach 
■heltei  acta  (namely,  by  preventing  radistian)  haa  been  properly  un- 
deratood. 

1'be  prodoction  of  Graund.ice,  that  is,  ioe  formed  at  the  bottom  of 
tivers,  is  a  pbenomenon  that  has  often  attracted  the  Dotice  of  philooo- 
pbera.  and  given  riae  to  differeat  hypotheses.  Mr.  T.  A .  Knight,  in  « 
p^»T  pnhlisbed  in  the  PhiloBopbical  Trnnsactiuoa.  attributes  thefoma- 
tian  of  ice  in  such  aituatioaa  to  particles  originally  congesled  «t  tbe 
inrface,  and  aftsTwaids  carried  to  the  bottom  by  the  eddies  of  stieaau.' 
Neither  thii  nor  other  theories  that  have  been  advanced  obd  be  cosksi- 
dered  as  saliafactory.  The  phenomena  are  well  deacribed  in  a  mim 
by  Mr.  Richard  Gsrnett,  of  Blackburn,  in  Lancaahire,  pablisbed  ia 
Braude's  Joamal  of  Science  in  1818;  but  that  genaeniin  does  not 
propose  any  new  mode  of  accfluntii^  for  the  existence  of  gTouaii->««. 
Hs  reuudcs,  however,  thst  it  never  occurs  but  under  peealim  m^m>- 

*  3«  Atiitncli  of  Papers  In  FhUoa.  Tnuu.,  ToL  U.  p.  id. 
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spherical  circumstances.*  He  adds,  tbat  "  the  immediate  cause  of  the 
fonuation  of  this  ice  seems  to  be  the  rapid  diminution  of  temperature 
in  the  stone  or  grayel  in  the  bed  of  the  river  (on  which  it  is  deposited), 
connected  with  sudden  changes  in  the  state  of  the  atmosphere."  t 

Experiments,  which  could  be  best  prosecuted  in  frosty  weather, 
would  be  requisite  to  develop  the  cause  of  the  formation  of  ground-ice. 
It  may,  however,  be  not  improbably  attributed  to  the  acquisition  by 
stones  or  gravel,  in  consequence  of  radiation  of  heat,  of  a  temperature 
below  the  freezing  point,  while  the  water  passing  over  those  sub- 
stances was  somewhat  warmer.  It  may  be  stated  as  an  aipiment  in 
favour  of  this  supposition,  that  ground-ice  is  found  onl^  in  clear,  run- 
ning water,  through  which  it  may  be  conceived  radiation  might  take 
place. 


Such  are  the  principal  meteorological  phenomraa  dependant  on  the 
relation  of  the  atmosphere  to  heat  and  moisture.  This  short  essay  has 
been  necessarily  restricted  to  notices  of  the  most  remarkable  facts  and 
observations  concerning  these  subjects;  but  those  who  may  be  de- 
sirous of  obtaining  more  ample  information,  will  find  in  the  works  of 
Leslie,  Dalton,  Daniell,  PouiUet,  Howard,  and  other  authors  here 
quoted  or  referred  to,  the  results  of  the  latest  and  most  accurate  re- 
searches ;  by  means  of  which  they  may,  if  they  think  proper,  extend 
their  acquaintance  with  this  interesting  branch  of  physical  science* 

There  are  various  other  atmospheric  phenomena  which  are  treated 
of  in  books  relating  to  meteorology.  These  are  chiefly  of  two  classes, 
namely,  those  which  may  be  explained  by  means  of  the  laws  of  Optics, 
and  those  which  appear  to  depend  on  Electro-magnetism.  Among  op- 
tical or  photonomical  phenomena,  there  are  few  more  curious  than  the 
Mirage,  Looming,  and  the  Fata  Morgana,  or  more  beautiful  than  the 
Rainbow ;  and  of  these  some  notices  will  be  found  in  the  treatise  on 
Optics,  in  the  former  volume  of  this  work.  Notwithstanding  the  bril- 
liant discoveries  tbat  have  been  made  within  the  last  forty  or  fifty  years 
relative  to  Electricity,  we  are  yet  by  no  means  able  to  trace  the  full 
extent  of  its  influence  over  tne  atmosphere.  That  it  is  the  cause  of 
lightning  is,  however,  universally  admitted ;  and  to  this  subject  the 
ftttentioii  of  the  reader  has  been  directed  in  the  treatise  on  Electricity, 

*  Brande's  Journal,  voL  ▼.  p.  stfQ*  t  Idem,  p.  873. 
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Tht  AoroiB  Borealis  is  mentioiied  in  treatio^  of  Minietiam,  with 
which  ita  phenomeDi  appear  (a  be  iutiniHtely  canneoted.  It  mtj  b« 
■dded,  thM  Dr.  DaltoD,  in  an  Esaaj  on  the  Aarora,  has,  with  bis  ac- 
ouMomed  skill  sod  acienca,  endearoured  to  traoe  the  occorrsuce  of  this 
meteor  to  Che  preaence  of  magoetic  patticlee  or  effluvia  in  the  air. 

Perhapa  there  are  no  atmospheric  phenomena  more  singDlar  or  pro- 
blematical  than  the  descent  of  Aerolites  or  M  eteorilea,  as  thej  hsTe 
been  termed.     The  Pact  of  their  fall  was  long  douhted,  hut  at  preseiit 

magnetic  „  ,.,  . 

origin  19  quite  nDcertain  ;  and  the  different  explanations  of  then-  ap- 
pesrancs  tlial  have  been  attempted  are  perhaps  equally  improbable. 
Some  auppose  them  (o  hare  been  formed  in  the  air,  an  hjpotheeis 
which  D'Aubuisson  rejects  as  untenable  i  others  consider  them  as  the 
'  products  of  volcanos  in  the  moon,  projected  into  our  atmosphere;  and 
according  to  Chlsdni,  they  are  fragments  of  planets  which  hsTe  burst 
in  pieces  amid  the  ethereal  space.  With  this  brief  notice  of  this  hitherto 
inexplicable  pbeuomenon  we  conclnde  this  treatise  on  Heteorologj. 
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